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ABSTRACT 
 
This research was concerned with the concentration of residual 
chromium tanning liquor by evaporative techniques and the re-use of this 
concentrated chromium liquor for tannage after adjustment with a make-
up of basic chromium sulphate powder.Twelve samples of the residual 
chromium liquors were collected randomly from ALNASR and the 
White Nile Tanneries. They were analysed mainly for Cr2o3 content, 
concentration of neutral salts (0Be ) and (PH). The average quantity of 
chromium oxide "Cr2o3" for both tanneries which discharged as waste to 
the drain was found to be 5.58 g/L. This quantity is equivalent to 32% of 
the chromic oxide added at the beginning of the tannage. This mean, that 
more or less one third of the basic chromium sulphate used in tannage is 
lost as waste. Then two Evaporation experiments were carried out at the 
White Nile Tannery laboratory by direct heating to determine the 
optimum evaporation level for maximum chromium oxide recovery. 
This level of evaporation was found to be about 27% of the water, can be 
evaporated without much loss of chromium oxide. Then Eight tanning 
Experiments were carried out at the White Nile Tannery pilot plant in the 
following manner:- 
A residual chrome liquor (R1) was taken from the White Nile tannery 
and it was evaporated to the required level (C1) .Then the chromium 
oxide in (C1) was determined and was adjusted with fresh chromium 
powder to maintain the  tanning percentage to 7%. Then it was used to 
tan a delimed, bated, pickled pelt. The residual  liquor(R2) from  (C1) 
was again evaporated to (C2). Then the chromium oxide in (C2) was 
determined and adjusted to the required level with fresh chromium 
powder. Then it was used to tan a delimed , bated, pickled pelt. This 
process was repeated eight times untill (C8) and (R9). The average 
quantity of basic chromium sulphate required to be added as a make-up 
was found to be 4.9%. That means 2.1% of basic chromium sulphate is 
saved all through the year, in addition to the following savings:-  
1) 4% in the sodium chloride 
2) 60-70% in the water 
3) 0.1-0.2% in the sulphuric Acid 
 
 Then  four pelts tanned with   (C8), (C7), (C6) plus one side from the 
White Nile Tannery were retanned as usual and they were paste- Dried. 
Then they were tested for their physical and chemical properties and the 
results obtained were found to be within the accepted international 
limits. 
 
The economical evaluation of the project was found to be feasible. The 
annual profit was found to be 33767 US$ and the pay-back period was 
found to be about 1.3 year. 
As with regard to the environmental evaluation and since the process is a 
closed loop process, then appendix (5) proves that  the salinity will be 
reduced by 25 %, the toxicity by 24%, the B.O.D by 1.2% and the C.O.D 
by 1%, from the total pollution load of the tannery. Hence this process is 
an eco-friendly process, in addition to the reduction in cost of the end of 
pipe treatment. 
 
 
 
 
  
  
  
  
 
 
 
   
  ﺍﻟﺨﻼﺻﺔ
ﻋﻨﻲ ﻫﺫﺍ ﺍﻟﺒﺤﺙ ﺒﺘﺭﻜﻴﺯ ﻤﺤﻠﻭل ﻜﺒﺭﻴﺘﺎﺕ ﺍﻟﻜﺭﻭﻡ ﺍﻟﻘﺎﻋﺩﻴﺔ ﺒﻌﺩ ﺇﺴﺘﺨﺩﺍﻤﻬﺎ ﻓﻲ ﻋﻤﻠﻴﺔ ﺍﻟﺩﺒﺎﻏـﺔ 
ﺒﻭﺍﺴﻁﺔ ﺍﻟﺘﺒﺨﻴﺭ ﻭﺫﻟﻙ ﻟﻐﺭﺽ ﺇﻋﺎﺩﺓ ﺇﺴﺘﺨﺩﺍﻤﻬﺎ ﻤﺭﺓ ﺃﺨﺭﻯ ﻓﻲ ﻋﻤﻠﻴﺔ ﺍﻟﺩﺒﺎﻏﺔ ﺒﻌـﺩ ﻀـﺒﻁ 
ﺤﻴﺙ ﺃﺨﺫﺕ ﻋﻴﻨﺎﺕ ﻋﺸﻭﺍﺌﻴﺔ ﻤﻥ ﻤﺩﺒﻐﺘﻲ ﺍﻟﻨﻴل ﺍﻷﺒـﻴﺽ . ﺘﺭﻜﻴﺯﻫﺎ ﺒﺈﻀﺎﻓﺔ ﻤﻠﺢ ﻜﺭﻭﻡ ﺠﺩﻴﺩ 
ﺇﺜﻨﻰ ﻋﺸﺭ ﻋﻴﻨﺔ ﻭﺘﻡ ﺘﺤﺩﻴﺩ ﺍﻟﺭﻗﻡ ﺍﻟﻬﻴﺩﺭﻭﺠﻴﻨﻲ ﻭﺍﻟﺘﺭﻜﻴﺯ ﺍﻟﻌـﺎﻡ ﻭﺘﺭﻜﻴـﺯ ﻭﺍﻟﻨﺼﺭ ﻭﻋﺩﺩﻫﺎ 
ﺃﻱ ﺒﻨﺴﺒﺔ ﻓﺎﻗـﺩ ، ل / ﺠﻡ 85.5ﺃﻜﺴﻴﺩ ﺍﻟﻜﺭﻭﻡ ﻭﻗﺩ ﻭﺠﺩ ﺘﺭﻜﻴﺯ ﺃﻜﺴﻴﺩ ﺍﻟﻜﺭﻭﻡ ﻓﻲ ﺍﻟﻤﺘﻭﺴﻁ    
ﺜﻡ ﺃﺠﺭﻴﺕ ﺘﺠﺭﺒﺘﻴﻥ ﺒﻤﻌﻤل . ﻭﻗﺩ ﺃﺠﺭﻴﺕ ﺍﻟﺘﺤﺎﻟﻴل ﺒﻤﻌﻤل ﻤﺩﺒﻐﺔ ﺍﻟﻨﻴل ﺍﻷﺒﻴﺽ ، % 23ﺘﻌﺎﺩل 
ﺒﺎﺸﺭ ﻟﺘﺤﺩﻴﺩ ﺍﻟﺤﺩ ﺍﻷﺩﻨﻰ ﻟﻠﺘﺒﺨﻴﺭ ﻭﻗﺩ ﻭﺠﺩ ﺃﻨﻪ ﻴﻤﻜﻥ ﺘﺒﺨﻴﺭ ﻤﺩﺒﻐﺔ ﺍﻟﻨﻴل ﺍﻷﺒﻴﺽ ﺒﺎﻟﺘﺴﺨﻴﻥ ﺍﻟﻤ 
ﺜﻡ ﺃﺠﺭﻴـﺕ ﺜﻤﺎﻨﻴـﺔ . ﻤﻥ ﺍﻟﻤﺤﻠﻭل ﺩﻭﻥ ﺃﻥ ﻴﻜﻭﻥ ﻫﻨﺎﻟﻙ ﻓﺎﻗﺩ ﻴﺫﻜﺭ ﻓﻲ ﺃﻜﺴﻴﺩ ﺍﻟﻜﺭﻭﻡ % 72
  -:ﺘﺠﺎﺭﺏ ﻓﻲ ﻤﺨﺘﺒﺭ ﺍﻟﻨﻴل ﺍﻷﺒﻴﺽ ﻋﻠﻰ ﺍﻟﻨﺤﻭ ﺍﻟﺘﺎﻟﻲ 
 ﻫﻡ ﺘﺒﺨﻴﺭﻭﺘ (  1 ﺭ )ﺃﺨﺫ ﻤﺤﻠﻭل ﺍﻟﻜﺭﻭﻡ ﺍﻟﺭﺍﺠﻊ ﺒﻌﺩ ﺍﻟﺩﺒﺎﻏﺔ ﻤﻥ ﻤﺩﺒﻐﺔ ﺍﻟﻨﻴل ﺍﻷﺒﻴﺽ ﻭﺃﻋﺘﺒﺭ 
ﺜﻡ ﺤﺩﺩﺕ ﻨﺴﺒﺔ ﺃﻜﺴﻴﺩ ﺍﻟﻜﺭﻭﻡ ﻭﺃﺴﺘﺨﺩﻡ ﻫﺫﺍ ﺍﻟﻤﺭﻜﺯ ﻓـﻲ ﺩﺒﺎﻏـﺔ (   1 ﻡ )ﻟﻠﻤﺴﺘﻭﻯ ﺍﻟﻤﻁﻠﻭﺏ 
ﺠﻠﺩ ﺒﻘﺭﻱ ﻤﺤﻨﻁ ﺒﻌﺩ ﺃﻥ ﺃﻀﻴﻑ ﺃﻟﻴﻪ ﻤﻠﺢ ﻜﺭﻭﻡ ﺠﺩﻴﺩ ﺒﺎﻟﻘﺩﺭ ﺍﻟﻤﻁﻠﻭﺏ ﺜﻡ ﺒﻌﺩ ﻨﻬﺎﻴﺔ ﺍﻟﺩﺒﺎﻏـﺔ 
ﻭﺤﺩﺩﺕ  (  2ﻡ )ﻭﺘﻡ ﺘﺒﺨﻴﺭﻩ ﻟﻴﻜﻭﻥ ﺍﻟﻤﺭﻜﺯ ﺍﻟﺜﺎﻨﻲ  ( 2 ﺭ)ﺘﻡ ﺘﺠﻤﻴﻊ ﻤﺤﻠﻭل ﺍﻟﻜﺭﻭﻡ ﻤﺭﺓ ﺜﺎﻨﻴﺔ 
ﻓﻲ ﺩﺒﺎﻏﺔ ﺠﻠـﺩ ﺒﻘـﺭﻱ  ( 2 ﻡ )ﻭﺘﻡ ﺇﺴﺘﺨﺩﺍﻡ ﺍﻟﻤﺭﻜﺯ ﺍﻟﺜﺎﻨﻲ  (  2 ﻡ )ﺔ ﺃﻜﺴﻴﺩ ﺍﻟﻜﺭﻭﻡ ﻓﻲ ﻨﺴﺒ
 ( 9 ﺭ )ﻭ  ( 8 ﻡ )ﻤﺤﻨﻁ ﺜﺎﻨﻲ ﺒﻌﺩ ﻀﺒﻁ ﺍﻟﺘﺭﻜﻴﺯ ﺒﻜﺭﻭﻡ ﺠﺩﻴﺩ ﻭﻜﺭﺭﺕ ﻫﺫﻩ ﺍﻟﺘﺠﺭﺒﺔ ﺤﺘـﻰ 
ﺍﻷﻤﺭ ﺍﻟـﺫﻱ ،  % 9.4ﻭﻭﺠﺩ ﺃﻥ ﻤﺘﻭﺴﻁ ﺍﻟﻜﺭﻭﻡ ﺍﻟﺠﺩﻴﺩ ﺍﻟﺫﻱ ﻴﺠﺏ ﺇﻀﺎﻓﺘﻪ ﻟﻀﺒﻁ ﺍﻟﺘﺭﻜﻴﺯ 
ﻫـﺫﺍ ، ﻤﻥ ﻜﻤﻴﺔ ﺍﻟﻜﺭﻭﻡ ﺍﻟﻤﺴﺘﺨﺩﻤﺔ ﻴﻭﻤﻴﺂ ﻓﻲ ﻋﻤﻠﻴـﺔ ﺍﻟﺩﺒﺎﻏـﺔ % 1.2ﻴﻌﻨﻲ ﺃﻨﻨﺎ ﻗﺩ ﻭﻓﺭﻨﺎ 
          : ﺒﺎﻹﻀﺎﻓﺔ ﺇﻟﻰ ﺒﻌﺽ ﺍﻟﻤﻭﺍﺩ ﺍﻷﺨﺭﻯ ﻤﺜل 
  % .4ﺍﻟﻤﻠﺢ ﺒﻨﺴﺒﺔ *          
  % .1.0ﺤﺎﻤﺽ ﺍﻟﻜﺒﺭﻴﺘﻴﻙ ﺒﻨﺴﺒﺔ *         
   % .07 - 06ﺍﻟﻤﺎﺀ ﺒﻨﺴﺒﺔ *         
   
 ( 8 ﻡ )ﻭ  ( 7ﻡ )،  (6ﻡ )ﺜﻼﺙ ﺘﻤﺕ ﺩﺒﺎﻏﺘﻬﺎ ﺒﺎﻟﻤﺭﻜﺯﺍﺕ ، ﺜﻡ ﺘﻤﺕ ﺇﻋﺎﺩﺓ ﺩﺒﺎﻏﺔ ﺃﺭﺒﻌﺔ ﺠﻠﻭﺩ 
ﺒﺎﻟﻁﺭﻴﻘﺔ ﺍﻟﻌﺎﺩﻴﺔ ﻭﺘﻡ ﺘﺠﻔﻴﻔﻬﺎ ﻋﻠـﻰ ﺍﻷﻟـﻭﺍﺡ ﺍﻟﺯﺠﺎﺠﻴـﺔ ، ﻭﺍﻟﺭﺍﺒﻊ ﻤﻥ ﻤﺩﺒﻐﺔ ﺍﻟﻨﻴل ﺍﻷﺒﻴﺽ 
ﺒﻭﺍﺴﻁﺔ ﺍﻟﻠﺼﻕ ﻭﺃﺠﺭﻴﺕ ﻟﻬﺎ ﺍﻹﺨﺘﺒﺎﺭﺍﺕ ﺍﻟﻔﻴﺯﻴﺎﺌﻴﺔ ﻭﺍﻟﻜﻴﻤﻴﺎﺌﻴﺔ ﻭﻭﺠـﺩﺕ ﺍﻟﻨﺘـﺎﺌﺞ ﻤﻁﺎﺒﻘـﺔ 
  .ﻟﻠﻤﻭﺍﺼﻔﺎﺕ ﺍﻟﻤﻁﻠﻭﺒﺔ ﺍﻟﻌﺎﻟﻤﻴﺔ 
  
  
 767.33ﺎﺩﻴﺔ ﺤﻴﺙ ﻜﺎﻨـﺕ ﺍﻟﻔﺎﺌـﺩﻩ ﺍﻟﺘﻘﻴﻴﻡ ﺍﻻﻗﺘﺼﺎﺩﻯ ﻟﻬﺫﺍ ﺍﻟﻤﺸﺭﻭﻉ ﻭﺠﺩ ﺍﻨﻪ ﺫﻭﺠﺩﻭﻯ ﺍﻗﺘﺼ 
  . ﻋﺎﻡ 3.1ﺩﻭﻻﺭ ﺍﻤﺭﻴﻜﻰ ﻓﻰ ﺍﻟﻌﺎﻡ ﻭﻓﺘﺭﺓ ﺍﻟﺴﺩﺍﺩ ﺤﻭﺍﻟﻰ 
ﺒﺎﻟﻨﺴﺒﺔ ﻟﻠﺘﻘﻴﻴﻡ ﺍﻟﺒﻴﺌﻰ ﻭﺒﻤﺎ ﺍﻥ ﺍﻟﻁﺭﻴﻘﺔ ﺍﻟﺘﻰ ﺍﺘﺒﻌﺕ ﻓﻰ ﺇﻋﺎﺩﺓ ﺇﺴﺘﺨﺩﺍﻡ ﺍﻟﻜﺭﻭﻡ ﻤﻐﻠﻘﻪ، ﻓﻌﻠﻴﻪ ﻭﻤﻥ 
ﻭﻓﻰ ﺍﻟﺴﻤﻴﺎﺕ ﻴﺼل ﺍﻟـﻰ % 52ﻓﺈﻥ ﺍﻟﺘﺨﻔﻴﺽ ﻓﻰ ﺩﺭﺠﺔ ﺍﻟﻤﻠﻭﺤﻪ ﻴﺼل ﺍﻟﻰ ( 5)ﺍﻟﻤﻠﺤﻕ ﺭﻗﻡ 
ﻤـﻥ ﺇﺠﻤـﺎﻟﻰ % 1 ﻴﺼل ﺍﻟﻰ D.O.Cﻭﻓﻰ ﺍﻟـ % 2.1 ﻴﺼل ﺍﻟﻰ D.O.Bـ ﻭﻓﻰ ﺍﻟ % 42
ﺘﻠﻭﺙ ﺍﻟﻤﺩﺒﻐﺔ، ﻭﺒﺎﻟﺘﺎﻟﻰ ﻓﺈﻥ ﻫﺫﻩ ﺍﻟﻁﺭﻴﻘﻪ ﺘﻌﺘﻴﺭ ﺼﺩﻴﻘﺔ ﻟﻠﺒﻴﺌﺔ ﺍﻀﻑ ﺍﻟﻰ ﺫﻟﻙ ﻓﺎﻨﻬـﺎ ﺘﺨﻔـﺽ 
  .ﺘﻜﻠﻔﺔ ﺍﻟﻤﻌﺎﻟﺠﺔ ﻓﻰ ﻨﻬﺎﻴﺔ ﺍﻻﻨﺒﻭﺏ
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 1-INTRODUCTION 
1.1- Chrome Tannage: 
 
Chrome tannage was introduced into the leather industry in the year 
(1858) (18) and it is now the most commonly used tanning method 
worldwide (3).  
 
The tanning material is basic chromium sulphate. Substantial quantity of 
this material (7-8% on pelt weight) is used to convert hide into leather in 
the conventional chrome tanning process. About thirty percent of this 
tanning material flows as wastage along with the effluent (3). This 
material if discharged without recovery, it causes considerable 
environmental pollution and economical loss. Therefore its recovery can 
bring down cost of production, save money, preserve the valuable 
resource of this very important material, comply with the cleaner 
production technology and protect the environment. 
 
1.2- Leather Industry in Sudan 
  
1.2.1- Raw Material:  
 
According to official estimations, Sudan in the year 2002 has about 
(133) millions heads of live stock (17). 
 
The hides and skins production in the year 1999 is (4.4) millions cattle 
hides, (10) millions sheep skins, (10) millions goatskins and (0.1) 
millions camel hides (7).  
 
1.2.2 - The Tanneries: 
 
There are (22)-mechanized tanneries in Sudan. The tanning capacities of 
these tanneries are estimated to be (1.5) millions hides and (15) millions 
sheep and/ or goatskins (7). These tanneries process pickled, wet - blue 
and crust hides and skins for export and finished leather for local market. 
All these tanneries use basic chromium sulphate extensively and they 
adopt the conventional chrome tanning process. Hence a considerable 
quantity of this material is discharged to the sewer. This quantity as 
 estimated for the designed capacities of these tanneries will be as 
follows:- 
  = 7/100 X 30/100 (1,500,000 hides X  
    18 kg/hide + 15,000,000 skins X 1.2 kg/skin) 
  
     =  945 tons/ year. 
 
Which is equivalent to   =     945 X 475 US $ X 1.25 = 561093.8 US$. 
 
1.3- Research Problem:   
        
1.3.1- Risk of pollution and environmental hazards. 
1.3.2 -Depletion of a valuable resource. 
1.3.3 -Economical loss. 
 
1.4- Objectives: 
 
1.4.1- To minimizes the chromium concentration in the effluent to  
comply with the environmental regulations. 
1.4.2- To find a reasonable and ever lasting solution to the chromium 
pollution  problem:- 
1.4.3-  To recycle the residual concentrated chrome liquor and reuse it 
with a fresh make - up to produce a leather with standard 
specifications. 
1.4.4-   To reduce the production cost by saving the lost chrome. 
 
To achieve these objectives, the evaporative technique to recover 
chromium from spent chrome tan liquor was adopted in this 
study.    
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
2 – Literature Review 
2.1- Historical Development in Chrome Tannage: 
 
About 1797 the French chemist Louis N.Vauquelin, while investigating 
the chemical properties of an ore from Siberia, observed many brilliantly 
colored compounds, thus, he named this new element chrome 
(Chromium) from the Greek word Chroma, meaning Colour. Not only 
did vauquelion make a detailed record of his discovery and his 
experiments but also he recognized its importance and predicted a great 
future for it (18). 
For about 30 years chromium minerals and chromium compounds 
remained as geological oddities and collectors items with but little 
practical use owing to their high price. Among early applications was the 
use of chromium compounds as pigments for wallpaper and as an artist's 
supply. The first significant production of chromium chemicals was 
begun by Isaac Tyson. Jr. after his discovery of a large source of 
chromite near Baltimore. He enjoyed what was essentially a world 
monopoly in the production of chromium chemicals until other sources 
were discovered in Asia Minor by J.Lawrence Smith, an American 
geologist (18). As the supply of chromium chemicals increased, the price 
was reduced, and the commercial application for this new material 
expanded into many fields. 
Although Knapp is credited with the discovery of chrome tanning in 
1858(18), it was Schultz, in 1884, who first applied chromium compounds 
to the commercial production of leather. Schutlz was a practical dyestuff 
salesman, and it is probable that this application was based directly on 
the uses of chromium in the textile field. In 1893 Martin Dennis 
developed the original discoveries of Knapp into a practical one-Bath 
chromium tannage which differs entirely in both theory and practice 
from the two-bath system of Schultz(18). 
Since these early days practical chrome tanning has made remarkable 
advances in both the quality and the quantity of leather produced. The 
practical tanner has revised the crude methods of Knapp and Schultz, 
with the aid of modern chemical controls, to fast, efficient, industrial 
processes.   
 
  
  
2.2 - The Chemistry of Basic chromium sulphate  (8): 
2.2.1- The chemistry of chromium 
 
Chromium has an atomic number of 24, which places it in the  v1 a 
group of the periodic table, having an electronic structure of     1S2, 2 S2 
,2p6 , 3S2 , 3p6 , 3d5 ,4S1 .electrons(18) 
 
Chromium may lose 2 electrons to form chromous compounds, 3 
electrons to form chromic compounds, or 6 electrons to form the 
chromates. Chromus compounds are very easily oxidised and, for this 
reason, are of little practical value in the leather field. The chromic 
compounds include the basic chromium salts of the one-bath tanning 
process are of major interest in the study of leather technology. The 
chromates find use in the leather industry in the two-bath process and 
also in the manufacture of one-bath tanning liquors. 
 
The chemistry of the chromic-chromium compounds is dominated by the 
tendency towards coordinate covalency. There is a strong tendency for 
the elements of the transition groups to take on electrons, tending 
towards the stable rare-gas configuration of electrons. Additional groups 
can, therefore, be bound to the central atom by coordinate covalency, 
forming a multitude of different complex ions. The number of groups 
attached to the central atom is commonly six and is called the 
coordination number. The coordination number of various atoms is 
related to the location of the electrons in the atom at various energy 
levels, or orbitals, around the nucleous. The coordination number is also 
related to the available space around the central atom. 
                         
The relationship between the coordination number, atomic number, and 
valence was interpreted by Sidgwick through the electronic theory of 
valence. Sidgwick noted that the possession of at least one pair of 
electrons for each molecule or ion was needed for coordination with a 
metalic atom, and he advanced the hypothesis that coordination is a 
special case of the semi polar bond (18). The metal atom acts as an 
acceptor of the pair of electrons donated by the coordinating group. In 
the formation of the complex ion [Cr (H2O) 6]+, water donates 2 electrons 
from each molecule, a sum total of 12 electrons, forming six coordinate 
 bonds (18). Chromium, of atomic number 24, loses 3 electrons through 
ionization and takes on 12 electrons through coordination. 
 
Atomic number-Ionization+Coordination= Number of Electrons                   
      24              -     3          +      12           =   33    Electrons 
 
This is 3 electrons short of the 36 stable electron structure of Krypton. 
Steric configuration will not permit additional coordination, and the 
coordination number of six, for the chromium, is satisfied. 
 
2.2.2- Basicity. 
 
Chromium sulphate Cr2(So4)3 itself has only a slight tanning effect. 
Considerably better results are obtained with (Basic chromium 
sulphates) in which some of the sulphate radicals are replaced by 
hydroxyl radicals. This tanning effect, often called the astringency,    
increases with the number of (OH) groups until a basicity of 
approximately 66% is reached, when the chromium compounds become 
insoluble and precipitate.(6)  
The basiscity is expressed in % Schorlemmer and indicates the 
percentage of valences in the chromium (III) compounds which has been 
replaced by (OH) groups (6) 
 
% Schorlemmer = No. of valences replaced by -OH   X 100 
Total No. of valences 
 
Basicity of chromium (III) salphate 
% Schorlemmer Structural formula Tannaing effect 
0 Cr2(So4)3 Slight 
33.3 Cr(OH)So4 Very good 
66.6 Cr(OH)2(So4)1/2 Too astringent 
100 Cr(OH) 3 None 
 
 
 
 
 
 
 2.2.3- Olation. 
 
Basic chromium sulphates undergo olation if left to stand in an aqueous 
solution. Infact it is this process which turns a chromium compound into 
a chrome tanning material. In olation the OH groups  in the basic 
chromium sulphate react with another molecule by means of H- bonding 
to give higher molecular weight chromium compounds, as shown 
below:- 
 
 
33% basic chrome                                   olated 33% basic  
sulphate                                                  chrome sulphate      
  
2.2.4- Masking. 
 
Chromium sulphate tanning materials can be modified by masking with 
organic acids (formic acid, acetic acid, oxalic acid, citric acid, phthalic 
acid, sulplhophtalic acid etc) or with complex- active inorganic 
compound (Sulphite, polyphosphate).The masking agent enter the 
chrome complex and alter the tanning properties. In general masked 
chrome tanning material give a particularly mild tannage and impart to 
the leather a fine and smooth grain (6). 
Masked chrome tanning materials can also be obtained by reducing 
sodium dichromate with organic substances such as glucose and 
molasses. 
 
 
 
 
  
                                                          HO 
 
So4 Cr (OH) + (HO)CrSo4      So4Cr              CrSo4 
   
                                                          OH  
 2.3 - Practice of Chrome Tannage : 
 
Any chrome tannage process takes an untanned hide or skin from the 
bated or pickled state and applies chromium salts in such a manner as to 
render it insusceptible to putrefaction. In addition to this bare minimum 
requirement, we must develop our methods to give the desired 
characteristics of grain, temper, break and strength needed for the type of 
leather to be produced.  
 
The manufacture of leather is an interrelated chain of processes of which 
chrome tanning is but one link. To develop a process of chrome tanning 
and to solve the problems arising in practical manufacture, we must have 
a clear picture of what we are trying to accomplish. We must consider 
the condition of the raw stock (bated or pickled) entering the chrome 
tanning process and the condition desired in the resulting leather. 
Processes will differ with the type of hides or skin used and with the 
kind of leather desired, but certain fundamental principles will hold for 
all types of leather because they are based on the known principles of 
chemistry involved in the process. 
 
In order to set up a chrome tanning process for a new type of leather, or 
to adjust an existing process for maximum efficiency and quality, certain 
fundamental factors must be considered (18): 
  
• Condition of the (hides or skins) entering the process. 
• The effects of acidity and PH. 
• The basicity of the chrome liquor used. 
• The presence or absence of masking agents. 
• The presence of salt. 
•  The quality of water. 
• The method and extent of PH adjustment of the tannage. 
• The effects of other tanning assist materials in the process. 
 
All of these factors are more or less interrelated and can not be isolated 
entirely from one another (18).  
 
In addition to these chemical factors, certain physical conditions are also 
of importance, such as: 
  
• Type and design of the equipment used. 
• Liquor ratio. 
• Temperature of the tanning bath. 
• The length of time the (hides or skins) are run. 
 
In order to do chrome tanning it is necessary to pickle to bring the stock 
into an acid condition. 
 
2.4 - Factors controlling the course of tannage : 
 
2.4.1- Condition of the stock entering the chrome tannage : 
 
The most important factor for consistently good chrome tannages is the 
condition of the stock entering the tannage (18). The tanning materials 
used in chrome tannage are generally inorganic in nature, so that at least 
the purity and composition are constant. We can thus control the rate of 
action of various materials and control the amounts used. We can also 
regulate the important factors of pH and temperature during the process. 
But the condition of the bated or pickled stock is, even under the closest 
controlled processes, subject to variation. 
 
2.4.2 -PH Acidity, and Salt content of liquor: 
 
A very important factor in successful chrome tanning is that of the liquor 
pH, Salt content and acidity. Basic chromium salts, as used for chrome 
tanning, are generally of the basic chromium sulphate type (18). These 
salts, when dissolved in water, result in a PH of the solution of about 2.5 
to 3.5, depending on the    basicity , concentration and nature of the salt 
used. 
 
The basic chromium sulphate complexes in the solution will combine 
with the hide protein to a greater or lesser extent, depending upon the PH 
of the solution. Within the practical chrome tanning PH range, the higher 
the PH (or the lower the acidity), the greater is the tendency for the 
chrome tannage to take place. When pickled skins enter the chrome-
tanning bath at PH values of about 2.0, they do not have a strong 
attraction for the chromium salts in the solution. With this high acidity 
 the chromium complexes can penetrate through the hide without 
excessive deposition on the surface of the hide. After the chromium salt 
have completely penetrated the hide or skins, the acidity of the tanning 
bath is gradually reduced by the addition of an alkaline material, 
generally Sodium bi-carbonate, Soda ash, or Borax and a further (18) 
take-up of chromium tanning salts is effected.  
 
The importance of PH is not limited to the control of the distribution of 
the chromium tanning salts through the skin. A variation in PH will 
cause a greater change in the fixation of the chromium tanning 
complexes than any other single factor. As high PH values approach the 
precipitation point of the salts, the chrome in the liquor becomes well 
exhausted with a high fixation of the tanning material. The leather 
produced by these high PH values is generally soft, dry to the feel, 
mellow, and full. Excessively high PH values may result in loose leather 
and a coarse grain. Low PH values may result in flat, tight, empty leather 
(18). Therefore it becomes necessary to determine the optimum PH value 
for any given leather. Chrome tanning is carried out in a solution of 
about 5 percent Sodium chloride & Sodium sulphate to decrease the acid 
swelling in the skin during tannage. If insufficient salt is used, the leather 
will become coarse and have a poor grain. There is a relatively small 
decrease in the chrome take-up of the hide with increasing salt content, 
but this will not cause serious trouble in practical tanning. Sufficient salt 
to prevent excessive swelling will not decrease the chrome take-up 
significantly, and thus most trouble arising from the amount of salt in 
chrome tanning solution is from the use of too little salt rather than too 
much.  
 
2.4.3  - Masking Agents : 
 
Masking agents are any materials which, when added to chrome liquors, 
will raise the precipitation point, buffer the solution, and reduce the 
tanning affinity of the chrome. The organic anions of the masking salt 
form complexes with the basic chromium ions in the solution and thus 
reduce their tanning power (18). The effect of these complexes is to allow 
a more uniform penetration of the chromium tanning agent. Using a 
mild-masking agent such as sodium formate, the penetration of the 
chromium can be accelerated, and then, upon raising the PH, smooth, 
full leather can be obtained. 
 Sodium acetate will cause less chrome fixation than will sodium formate 
. 
 
The forming of tanning complexes by the reaction of the basic chromium 
salt with the masking agent is not a fast reaction. For this reason many 
tanners prefer to add the masking salt to stock chrome liquor and allow it 
to age for a time before use. Others add the masking agent to the chrome 
liquor and heat before adding the chrome liquor to the tannage. Some 
tanners prefer to add the masking agent to the drum with the chrome 
liquor(18). 
 
2.4.4 - Temperature : 
  
The control of the temperature in the chrome tanning process is of prime 
importance. With increased temperature, within the practical range, there 
is an increase in the fixation of chrome(18). The temperature control in 
drum tannage can be best accomplilshed by control of the temperature of 
the solution entering the drum and careful attention to the liquor ratios 
(18).The mechanical heat developed by the action of the mill usually 
causes the tannage to seek its own temperature level. 
 
2.5- Mechanism of chrome tannage : 
 
2.5.1- Collagen: 
 
Collagen (hide substance) consists of amino acids 
H2N-CH-COOH forming a chain skeleton. 
 1 
 R 
 
Approximately 20 different amino acids are found in collagen. They 
differ in respect of the radical R. The amino acids react by "amide 
formation" to give the high molecular weight collagen, where by the 
NH2 group reacts with the COOH-group. 
-NH-CH-CO-NH-CH-Co-NH-CH-CO- 
 R                   R                   R 
Every tannage is a cross linking of the collagen chain by the tanning 
material (6) 
 
 
 
 
  
2.5.2Cross-linking reaction between collagen and chrome tanning 
agent (2) 
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2.6 -Conventional Chrome Tannage: 
 
BAYER-(1998)(3) Showed that approximately fifteen 25kg bags of 
Chromosal B (33% basic 26% cr2o3 ) are required to tan a drum load 
with a pelt weight of 5 t by the conventional process with an addition of 
1.9% cr2o3 in the form of a product containing 26% cr2o3, Of this addition, 
the chrome tanned leather contains a quantity which corresponds to 10 
Bags of chromosal B. The equivalent of 4 bags remains in the residual 
float and in the sammying liquor. A further quantity corresponding to 
one bag of chromosal B is discharged into the effluent or sewage sludge 
during the subsequent operations such as the retannage, dyeing etc. Even 
if the 4 bags worth of chromosal B were to be recovered from the 
residual tanning float and samming liquor and recycled efficiently with 
the aid of filter presses, a quantity of chrome corresponding to one bag 
of chromosal (B) would still be discharged into the effluent or sewage 
sludge during the retannage etc, from every 5t batch of pelt. The 
conventional chrome tannage is illustrated by figure (1) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Figure (1): Conventional Chrome Tanning process (3). 
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 2.7 -Environmental issues and their consequences:  
.2.7.1- Tannery Effluents: 
 
SARKAR,(1981).,Stated that, The processing of hides and skins into 
leather is carried out in an aqueous medium and hence the discharged 
water from pits, drums or paddles containing several solubles  and 
insolubles constitutes the effluent, from the tannery. He stated the high 
salinity of the discharged water from a tannery could be harmful to the 
growth of vegetation as much as seawater is unsuitable for irrigation(13). 
The tannery effluent coloured by the tanning materials and dyes used in 
tannery act as a barrier for the penetration of sun light into the water. 
Such an effluent in stagnant pools could form a medium for putrefactive 
organisms. The tannery effluent could contain a large quantity of 
suspended particles, which may increase the turbidity of water leading to 
similar consequences as dyes can do. Dissolved organic matters, 
especially proteins consume away a large amount of dissolved oxygen 
into their chemical matrix during their microbial break down. Thus the 
amount of dissolved oxygen in water is lowered and the water then 
becomes incapable of supporting fish or other aquatic life, which need 
dissolved oxygen for their survival. Absence of oxygen in water can also 
cause anaerobic putrefactive fermentation, especially in the presence of 
proteins leading to foul odours, In addition, effluents also contain 
varying amounts of several salts used or formed during processing of 
leather. Sodium chloride used for curing and preservation of hides and 
skins, calcium hydroxide in liming operation, sulphides and hydro 
sulphides used for unhairing and chromium salt used in chrome tanning 
are the most abundantly available constituents in the tannery effluent.  
 
 
The complexity of these environmental problems is illustrated by figure 
(2)   
 
 
 
 
 
 
 
  
Figure(2): FLOW CHART OF THE TANNING  PROCESS 
                  AND ASSOCIATED POLLUTANTS (19).  
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2.7.2 - Environmental issues of Chromium:  
2.7.2.1- Health 
 
John F.Papp-(1994),Stated that, Chromium is an essential trace element 
for human health. However, some chromium compounds are acutely 
toxic, chronically toxic, and/ or carcinogenic. For good health a daily 
intake in the range of 50 to 200 micrograms has been recommended. 
Chromium is a cofactor for insulin, a hormone that participates in 
carbohydrate and fat metabolism. The dietary chemical compound form 
of chromium is trivlent- Because humans can not convert trivalent (III) 
Chromium to hexavalent (VI) Chromium; the carcinogenicity of 
hexavalent chromium compounds bears no relevance to the nutritional 
role of trivalent chromium (12) 
The Environmental Protectin Agency (EPA) (12) Concluded that there is 
sufficient evidence in animals and humans for the carcinogenicity of 
chromium (VI) compounds, while evidence for the carcinogenicity of 
chromium (III) compounds in humans and animals is largely non 
positive. (12) 
      
2.7.2.2 -Chromium in the environment. 
 
Maximum permissible levels of chromium, which can be contained in the 
effluent when, released (10)   
I) Emissions of chromium from the tops of factory stack are the main 
atmospheric concern. These are not usually allowed to exceeds the 
following limits:- 
• Total dust 20 mg/m³ Chromium. 
• Trivalent Chromium 5mg/m³ 
• Hexavalent Chromium 1 mg/m³ 
II) For liquid effluent the concern is over the amount of 
chromium in the suspension in the released fluids and this is 
monitored at the points of discharge and seepage of the effluent. 
Usual limits(10)  for this purpose are:- 
• Total chromium 0.5 mg/Litre. 
• Hexavalent Chroium 0.1 mg/ Litre 
III) For solid wastes the fact that they contain chromium is sufficient to 
render them as "dangerous" in most countries and consequently these 
should be treated with extreme care under strict regulations. 
  
As a general measure, however industry is encouraged to keep 
production of solid wastes to a minimum and, if necessary limit waste 
disposal to within the plant itself or minimize its transportation. Another 
measure is of course, is to recycle any waste, whenever is possible. 
2.7.3- Greening a tannery = Prevention of pollution at source 
 
R.Sykes, Unido consultant (22), stated the Leather industry has "green" 
credentials because if it did not exist the meat insustry would have a 
Skins/Hides disposal problem. He further stated, nevertheless, the hides 
and skins are biologically unstable, it requires stabilization if it is not to 
produce emissions to land water. These, together with odour, can be 
reduced by good housekeeping. Tannery installations need subjection to 
environmental audit, with each adverse factor receiving attention. He 
stated electrolytes are a major cause of pollution, which can be reduced 
by using green or dried hides. 
Tannery waste streams contain degraded organic matter, mostly hair, and 
spent chemicals. Hair can be recovered and chemical content reduced by 
maximizing liquor exhaustion. He further stated, Leather board 
manufacture, high exhaustion systems, recycling and recovery, can all 
serve a purpose (22)  
 
2.7.4- Profiting from less waste.  
 
Stuart Ballinger (Envirowise), UK (2001) stated that data from waste 
minimization clubs and waste management initiatives reveal that waste 
costs the average UK manufacturing company 4% of business 
turnover(23). Most companies can usually reduce waste by 25% through 
waste minimisation, achieving savings equivalent to 1% of turnover.   
 
2.8 -Evaporation. 
 
The objective of evaporation is to concentrate a solution consisting of a 
non volatile solute and a volatile solvent. In the overwhelming majority 
of evaporations the solvent is water. Evaporation is conducted by 
vaporizing a portion of the solvent to produce a concentrated solution of 
thick liquor. Normally, in evaporation the thick liquor is the valuable 
product.(16)  
 
 2.8.1- Liquid characteristics  
 
The practical solution of an evaporation problem is profoundly affected 
by the character of the liquor to be concentrated. It is the wide variation 
in liquor characteristics (Which demands judgment and experience in 
designing and operating evaporators) that broadens this operation from 
simple heat transfer to a separate art. The most important properties of 
evaporating liquids are as follows (16). 
 
Concentration 
Although the thin liquor fed to an evaporator may be sufficiently dilute 
to have many of the physical properties of water, as the concentration 
increases, the solution becomes more and more individualistic. The 
density and viscosity increase with solid content until either the solution 
becomes saturated or the liquor become too viscous for adequate heat 
transfer. Continued boiling of a saturated solution causes crystals to 
form, these must be removed or the tubes clog. The boiling point of the 
solution may also rise considerably as the solid content increases so that 
the boiling temperature of a concentrated solution may be much higher 
than that of water at the same pressure. 
Foaming 
Some materials, especially organic substances, foam during 
vaporization. Stable foam accompanies the vapour out of the evaporator, 
causing heavy entrainment in extreme cases the entire mass of liquid 
may boil over into the vapour outlet and be lost. 
 
Temperature Sensitivity 
Many fine chemicals, pharmaceutical Products, and foods are damaged 
when heated to moderate temperature for relatively short times in 
concentrating such materials special techniques are needed to reduce 
both the temperature of the liquid and the time of heating. 
Scale 
Some solutions deposit scale on the heating surface. The overall 
coefficient then steadily diminishes, until the evaporator must be shut 
down and the tubes cleaned. When the scale is hard and insoluble the 
cleaning is difficult and expensive. 
 
 
 
 Material of construction 
 
Whenever possible, evaporators are made of some kind of steel. Many 
solutions, however, attack ferrous metals or are contaminated by them. 
Special materials such as copper, nickel, stainless steel, aluminum, 
impervious graphite, and lead are then used. Since those materials are 
expensive, high heat transfer rates become especially desirable to 
minimize the first cost of the equipment. 
Many other liquid characteristics must be considered by the designer of 
an evaporator some of these are specific heat, heat of concentration, 
freezing point, gas liberation on boiling, toxicity explosion hazards, 
radioactivity, and necessity for sterile operation. Because of the variation 
in liquor properties, many different evaporator designs have been 
developed. The choice for any specific problem depends primarily on the 
characteristic of the liquid.   
 
2.8.2 -Single and multiple- effect operation 
 
Most evaporators are heated by steam condensing on metal tubes- Nearly 
always the material to be evaporated flows inside the tubes. Usually the 
steam is at a low pressure, below 3 atm abs: often the boiling liquid is 
under moderate vacuum, at pressures down to about 0.05 atm abs. 
reducing the boiling temperature of the liquid increases the temperature 
difference between the steam and the boiling liquid and thus increases 
the heat transfer rate in the evaporator. 
When a single evaporator is used, the vapour from the boiling liquid is 
condensed and discarded. This method is called single- effect 
evaporation, and although it is simple, it utilizes steam ineffectively. To 
evaporate 1 Kg of water from a solution calls for from 1 to 1.3 Kg of 
steam. If the vapour from one evaporator is fed into the steam chest of a 
second evaporator and the vapour from the second is then sent to a 
condenser, the operation becomes double effect. The heat in the original 
steam is reused in the second effect, and the evaporation achieved by a 
unit mass of steam fed to the first effect is approximately doubled. 
Additional effects can be added in the same manner. The general method 
of increasing the evaporation per kilogram of steam by using a series of 
evaporators between the steam supply and the condenser is called 
multiple effect evaporation.  
 
 2.8.3 -Primary Design Problems (20) 
 
• Heat transfer is the most important single factor in evaporator design, 
since the heating surface represents the largest part of evaporator cost. 
Other things being equal, the type of evaporator selected is the one 
having the highest heat transfer “coefficient” under desired operating 
conditions. 
• Vapour-Liquid Separation May be important for a number of reasons. 
Most important is usually prevention of entrainment because of value of 
product lost, pollution, and contamination of the condensed vapour, 
fouling or corrosion of the surfaces on which the vapour is condensed. 
• Evaporator performance is rated on the basis of steam economy 
(Pounds of solvent evaporated per pound of steam used). Heat is 
required (1) to raise the feed from its intial temperature to the boiling 
temperature (2) to provide the minimum thermodynamic energy to 
separate liquid solvent from the feed (3) to vaporize the solvent. 
The greatest increase in steam economy is achieved by reusing the 
vaporized solvent. This is done in a multiple effect evaporator. Another 
method of increasing the utilization of energy is to employ a 
thermocompression evaporator, in which the vapour is compressed so 
that it will condense at a temperature high enough to permit its use as the 
heating medium in the same evaporator. 
Selection Problems. 
A side from heat –transfer considerations, the selection of type of 
evaporator best suited for a particular service is governed by the 
characteristics of the feed and product. Points that must be considered 
are crystallizations, salting and scaling, product quality, corrosion and 
foaming.  
• Crystallizations in the case of a crystallizing evaporator, the 
desirability of producing crystals of a definite uniform size usually limits 
the choice to evaporators having a positive means of circulation.  
• Salting: Which is the growth on body and heating surface walls of a 
material having a solubility that increases with increase in temperature, 
is frequently encountered in crystallizing evaporators. It can be reduced 
or eliminated by keeping the evaporating liquid in close or frequent 
contact with a large surface area of crystallized solid. 
•  Scaling: is the deposition and growth on body walls, and especially on 
heating surface, of a material undergoing an irreversible chemical 
 reaction in the evaporator or having a solubility that decreases with an 
increase in temperature. Scaling can be reduced or eliminated in the 
same general manner as salting. 
     Both salting and scaling liquids are usually best handled in evaporators 
that do not depend on boiling to induce circulation. 
•  Fouling: is the formation of deposits other than salt or scale and may 
be due to corrosion, solid matter entering with the feed, or deposits 
formed by condensing vapour. 
 
Product quality: 
 
Considerations may require low hold-up time and low temperature 
operation to avoid thermal degradation. The low hold-up time eliminates 
some types of evaporators, and some types are also eliminated because 
of poor heat transfer characteristics at low temperature. Product quality 
may also dictate special materials of construction to avoid metallic 
contamination or a catalytic effect on decomposition of product. 
Corrosion May also influence evaporator selection, since the advantages 
of evaporators having high heat- transfer co efficient are more apparent 
when expensive materials of construction are indicated. Corrosion and 
erosion are frequently more severe in evaporators than in other types of 
equipment because of high liquid and vapour velocities used, the 
frequent presence of solids in suspension, and the necessary 
concentration differences. 
 
2.8.4 -Types of evaporators. 
 
Evaporators may be classified as follows (20):_ 
1. Heating medium separated from evaporating liquid by tubular heating 
surfaces. 
2. Heating medium confined by coils, Jackets, Double walls, Flat plate 
etc. 
3. Heating medium brought into direct contact with evaporating liquid. 
4. Heating by solar radiation 
By far the largest numbers of industrial evaporators employ tubular 
heating surfaces. Circulation of liquid past the heating surfaces may be 
induced by boiling or by mechanical means. In the latter case, boiling 
may or may not occur at the heating surface. 
 
 2.8.5 -Forced- Circulation Evaporators.   
 
Although it may not be the most economical for many uses, the forced 
circulation (F.C.) evaporator is suitable for the widest variety of 
evaporator application. The use of a pump to ensure circulation past the 
heating surface makes possible separating the functions of heat transfer, 
vapour liquid separation, and crystallization. The pump withdraws liquor 
from the flash chamber and forces it through the heating element back to 
the flash chamber. Circulation is maintained regardless of the 
evaporation rate, so this type of evaporator is well suited to 
crystallization operation, where solids must be maintained in suspension 
at all times. The liquid velocity past the heating surface is limited only 
by the pumping power needed or available and by accelerated corrosion 
and erosion at the higher velocities. Tube velocities normally range from 
a minimum of about 4 ft/sec. in salt evaporators with copper or brass 
tubes and liquid containing 5 percent or more solids, up to about 10 
ft/sec. in caustic evaporators having nicked tubes and liquid containing 
only a small amount of solids. Even higher velocities can be used when 
corrosion is not accelerated by erosion. 
Highest heat transfer coefficients are obtained in F.C. evaporators when 
the liquid is allowed to boil in the tubes as in the type shown in figure 
(3a). The heating elements projects into the vapour head and the liquid 
level is maintained near and usually slightly below the top tube sheet(20). 
This type of F.C evaporator is not well suited to salting solutions 
because boiling in the tubes increases the chances of salt deposit on the 
walls, and the sudden flashing at the tube exits promotes excessive 
nucleation and production of fine crystals. Consequently this type of 
evaporator is seldom used except where there are head room limitations 
or when the liquid forms neither salt nor scale. 
 
By far the largest number of forced circulation evaporators are of the 
sunbmerged tube types, as shown in figure(3b). The heating  element is 
placed far enough below the liquid level or return line to the flash 
chamber to prevent boiling in the tubes. Preferably, the hydrostatic head 
should be sufficient to prevent boiling  even in a tube that is plugged( 
and hence at steam temperature), since this prevents salting of the entire 
tube. Evaporators of this type sometimes have horizotal heating elements 
( usually two-pass), but the vertical single-pass  
 heating element is used wherever sufficient head room is available. The 
vertical element usually has a lower friction loss and is easier to clean or 
retube than a horizontal heater. The submerged-tube forced.circulation 
evaporator is relatively immune to salting in the tubes, since no 
supersaturation is generated by evaporation in the tubes. The tendency 
toward scale formation is also reduced since supersaturation in the 
heating element is generated only by a controlled amount of heating and 
not by both heating and evaporation. 
 
  
 
 
 
 
  
Figure(3): Forced circulation Evaporatior types 
A)-Forced Circulation. 
B)-Submerged-tube forced circulation. 
C)-Oslo-type crystalizer.  
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S- Steam. 
C- Condensate. 
G- Non-Condensable Gases. 
V- Vapour. 
F- Feed. 
P- Product 
 The type of vapour head used with the F.C. evaporator is chosen to suit 
the product characteristics and may range from a simple centrifugal 
separator to the crystalizing chambers shown in figure (b) and (c). 
Figure(b) shows a type frquently used for common salt. It is designed to 
circulate a slurry of  crystals through- out the system. Figure(c) shows a 
submerged- tube FC. evaporator in which heating, flashing and 
crystalisation are completely separated. The crystallizing solids are 
maintained as a fluidized bed in the chamber below the vapour head and 
little or no solids circulate through the heater and flash chamber. This 
type is well adapted to growing coarse crystals, but the crystals usually 
approach a spherical shape and careful design is required to avoid 
production of fines in a flash chamber. 
 
In a submerged-tube F.C. evaporator, all heat is  imparted as sensible 
heat, resulting in a temperature rise of the circulating liquor that reduces 
the overall temperature difference available for heat transfer. 
Temperature rise, tube proportions, tube velocity, and head requirements 
on the circulating pump all influence the selection of circulation rate. 
Head requirement are frequently difficult to estimate since they consist 
not only of the usual friction, entrance and contraction, and elevation 
losses when the return to the flash chamber is above the liquid level, but 
also of increase friction losses due to flashing in the return line and 
vortex losses in the flash chamber. Circulation is sometimes limited by 
vapour in the pump suction line. This may be drawn in as a result of 
inadequate vapour-liquid separations or may come from vortices near the 
pump suction connection to the body or may be formed in the line itself 
by short circuting from heater outlet to pump inlet of liquor that has not 
flashed completely to equilibrium at the pressure in the vapour head. 
 
Advantages of Forced- Circulation Evaporators. 
 
1- High heat transfer coefficients. 
2- Positive circulation. 
3- Relative freedom from salting, scaling and fouling. 
 
 
 
 
 
  
Dis advantages. 
 
1- High cost. 
2- Power required for circulating pump. 
3- Relatively high hold-up or residence time. 
 
Best applications of  Forced- Circultation Evaporators. 
 
1- Crystalline product. 
2- Corrosive solutions. 
3- Viscous solution. 
 
Frequent difficulties with F.C. Evaporators. 
 
1- Plugging of tube inlets by salts deposits detached from walls of 
equipment. 
2- Poor circulation due to higher than expected head losses. 
3- Salting due to boiling in tubes 
4- Corrosion- errosion. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
2.9 -Previous studies on Chrome recovery of Residual chrome liquor. 
 
2.9.1- High-exhaustion tannage with Blancorol HR and Blancorol 
MR. 
 
Bayer(1998) Showed that in all conventional chrome tanning processes, 
up to one third of the chrome tanning material added remains unutilized 
in the residual float. 
To help solve this problem, Bayer(3)  (1998) has developed high 
exhaustion chrome tanning processes which can improve the level of 
exhaustion of the chrome tanning materials from about 65% to 95-98%. 
The auxiliaries used are BLANCOROL HR and BLANCOROL MR . 
Expressed in practical term, i.e. in powdered chrome tanning material, 
this gives the following picture. 
Approximately fifteen 25 kg bags of chromosal B are required to tan a 
drum load with a pelt weight of 5t by the conventional process with an 
addition of 1.9 % cr2o3 in the form of a product containing 26% cr2o3 of 
this addition, the chrome tanned leather contains a quantity which 
correspond to 10 bags of chromosal B. The equivalent of 4 bags remains 
in the residual float and in the sammying liquor. A further quantity 
corresponding to one bag of chromosal B is discharged into the effluent 
or sewage sludge during the subsequent operations such as the 
retannage, dyeing etc. Even if the 4 bags worth of chromosal B were to 
be recovered from the residual tanning float and sammying liquor and 
recycled efficiently with the aid of filter press, a quantity of chrome 
corresponding to one bag of chromosal B would still be discharged into 
the effluent or sewage sludge during the retannage, from every 5 t batch 
of pelt. 
Bayer (1998) Claim that in high exhaustim processes, on the other hand 
only a quarter of a bag of chromosal B is left unbound in each 5t batch of 
pelt without any recycling of residual float (3). 
 
2.9.2 -Ion exchange process. 
Istituto di ricerca sulle acque of the italian consiglis Nazionale delle 
ricerche. (1996) (14). Has setted up a particular ion exchange process, 
known as Ierechrom. This process is based on the selective retention of 
the trivalent species chrome, aluminum and iron on macroporous 
 carboxy resin in a partly hydrolyzed form. The resin is then regenerated 
in a closed two-stage system which separates the metals retained 
In the first stage (basic regeneration) there is an oxidation reaction inside 
the polymer matrix of the chrome species with chromed anion by means 
of hydrogen peroxide and alkaline PH. At the same time aluminum is 
eluted under the form of aluminized anion. 
In the next stage (acid regeneration) the resin is treated with sulphuric 
acid: this leads to elution of the iron as a sulphate which can be reused as 
a flocculant in the treatment plants. 
By reducing the PH of the basic fraction to 8, the aluminized species 
precipitates as aluminum hydroxed and the chrome is separated. With 
this operation the organic compounds present in the eluate are also 
precipitated. After filtration and redissolving with sulfuric acid, 
aluminum suphate can also be reused as a flocculant in the convetional 
treatment plants. 
 
The residual solution of chromate anion, purified of other heavy metals 
and organic substances, could be reused, after restoring the useful 
concentration, directly in the galvanising industry. 
To use this solution in the tanning industry, the chromates should be 
reduced to chrome hydroxide (III) By means of sodium sulfite in an acid 
environment. 
Before the subsequent exhaustion cycle, the resin is reactivated by 
means of sodium hydroxide and hydrolysed with softened water. 
Figure (4) out lines the lere chrome process with the relative 
regeneration stages:- 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
Figure (4): Ierechrom Process, diagram of the regeneration (14) 
                stages. 
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2.9.3 -Precipitation process. 
 
West deutsche Gerberschule Reutlingen (WGR) Germany, (1996), has 
concentrated on precipitation trials on chrome tanning liquor from 
tanning and post tanning processes. WGR have primarily been working 
with conventional precipitation methods, through the use of 
Mgo,Ca(OH) 2,Fecl3  and polyelectrolyte (14 ) 
Danish Technological institute (DTI), Denmark (1996), Worked with a 
new type of precipitant, using Bentonite- Several different types were 
tested by DTI. The best result was obtained with a commercial bentonite 
product consisting of a mixture of Sodium/Potassuim bentonite and 50% 
aluminuim / iron Bentonite.  
The objective was to reduce the chromium concentration to less than 1 
mg/L (14). 
2.9.4 -DIRECT Chrome Liquor Recycling. 
D.H.Tuck(1981), Stated that the restrictions on the chrome oxide content 
of discharged tannery effluents and the high cost  of chrome salts have 
initiated developments in the recycling and re-use of used chrome 
tanning liquors(8) . The work of davis and Scroggie in Australia and 
many other works in the USA and Europe has led to the evolution and 
establishment of successful industrial chrome tanning processes using 
recycling systems. The collected and filtered used tanning liquors may 
be utilized in four different ways(8): 
 
1- As a float in pickling (bated pelt) 
Pickling- Use: 70% used chrome tanning liquor  
                           2% Sodium chloride 
                        1.25% Sulphuric acid 
                        0.5% Formic acid. 
 Premix these materials in a mixing tank and pump them in to the drum 
containing the bating stock. Commence drumming as soon as possible to 
avoid any danger of chrome stains. Drum for 1.5 hours. 
Tanning by the normal method-Add 1.5% chromic oxide of 33% 
basicity. Complete tannage by the normal method. 
 
 
 
 
 2-As a float in tanning ( Normal pickled pelt) 
Tan in drum- Use: 40-60 % used chrome liquor. 
                                      2% Sodium chloride. 
                                     0.5% Formic Acid 
                                     1.5% Chromic oxide of 33% basicity 
                                      Tan by the normal method. 
3- As a source of high basicity chrome salt (normal pickled  
    Pelt) 
Tan in drum – Use: 40% water  
                                  2% Sodium chloride 
                                1.5% Chromic oxide of 33% basicity 
                                         DRUM for 1 hr 
Add: 30-40% used chrome liquor at 35ºC Complete tannage in the 
normal way. 
4- Chrome regeneration. 
The chrome liquor is treated with alkali, for example sodium hydroxide 
or magnesium oxide, to PH 9.5 to precipitate the trivalent chromium as 
chromium hydroxide. This is then redissolved in Sulphuric acid to 
produce basic chromium Sulphate. 
 
2.9.5. -Chromium Sulphate recovery in a triple-effect 
           evaporator. 
G.A.Gasmelseed (2001) (9) has used a triple effect evaporator for the 
concentration of the spent chrome liquor and then used 150 % of this 
concentrate on the pickled weight "4 sides equal 20 kg" as pickling and 
pre- tannage then he added 5% chrome powder and completed the 
tannage as normal. A second trial using 100% float of the concentrated 
spent tanning liquor 2% sodium chloride, 1.25% sulphuric acid, 0.5 % 
formic acid and he mixed all these components together and pumped the 
ad mixture (PH=1.2) into the drum containing the delimed, bated pelt, 
that is pickle stage was omitted and then 6% basic chromium sulphate 
was added and the tannage is completed in the normal way Gasmelseed 
is claiming that the second trial is easy to adopt and economical 
compared to the first trial. He is claiming that the over all cost is high but 
is justified due to the recycling of a very polluting material.  
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
3- Materials and method 
 
3.1-Analysis of residual chrome tanning liquors. 
 
Twelve samples of residual chrome tanning liquors were taken randomly 
from the White Nile tannery (7samples) and Alnasr Tannery (5 
samples).These samples were analyzed at the White Nile Tannery 
laboratory and the following was determined. 
 
3.1.1-Chromium oxide content(Cr2o3) 
 
Out line of method 
 
The chromium oxide content (Cr2o3) was determined by the use of the 
official method of analysis of the society of leather trades chemist, (SLT-
6/4)(21), where chromium was oxidized to the hexavalent state by the use 
of perchloric acid and then it was determined by an iodometric titration 
with standard sodium thiosulphate using starch solution as an indictor. 
Then the results obtained were corrected by the use of X-Ray 
fluorescence method at the nuclear science laboratory- Department of 
physics- Khartoum university, in the following manner a commercial 
sample of basic chromium sulphate (sal-chromo-26-Stoppani company-
Italy) was tested for the Cr2o3 by the iodometric titration method and then 
by the X- Ray fluorescence method and accordingly a correction factor 
was worked out. This factor was used to correct the result obtained by 
the iodometric titration methods as in tables (1 & 2) 
 
3.1.2-Concentration of liquor 
 
The concentration was determined by the use of the hydrometer baume. 
  
3.1.3-PH: 
 
The PH was determined by the use of the LYPHAN PH papers. 
 
 
 
 
  
3.2-Evaporative recovery of the residual chrome liquor. 
 
The evaporative method is used to concentrate the residual chrome 
liquor for the re-use after make- up with fresh chrome powder as a 
tanning bath and at the same time to collect the condensed vapour for re-
use in the pickle bath. Figure (5) 
 
Figure (5): Flow-sheet for the re-use of residual chrome tanning 
liquor (Evaporative- Method) 
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3.2.1. Evaporation Experiments, carried at the White Nile tannery 
laboratory 
 
Two experiments were carried out by the use of direct heating, where 
two litres of spent chrome tanning liquor were evaporated to different 
levels of concentrations and each time the PH, ºBe and Cr2o3 were 
determined and at the same time the theoretical concentrations were 
calculated and from the comparison between the actual and theoretical 
concentrations the optimum level of evaporation was found as in tables 
(3, 4, 5) & Figures (6 &7) 
 
3.2.2. Experiments on Evaporation carried out at the unit operation 
laboratory faculty of engineering- Khartoum University. 
 
Two experiments were carried out by the use of the climbing film 
evaporator (natural circulation) under slight vacuum. 10 liters of spent 
chrome tanning liquor were evaporated to 7 litres at 0.5 liter interval and 
each time the concentration was read and at the same time the theoretical 
concentration was calculated, tables,   (6 & 7). 
 
3.3 Tannage experiments with concentrated chrome liquors after 
evaporation. 
Eight experiments were carried out at the white Nile Tannery pilot plant 
in the following manner:- 
A Bovine pelt weighing 3.5 Kg after unhairing, Liming, and fleshing 
was taken from the White Nile Tannery and it was delimed, bated, 
pickled and tanned with concentrated chrome residual liquor(c1) obtained  
from (R1) and was topped with  fresh chrome powder to maintain the 
required concentration for tannage see Table No.( 9 ) 
Then the residual chrome liquor from experiment one (R2) was 
evaporated to obtain the chrome concentrate (C2). Then this concentrate 
(C2) was topped with fresh chrome powder for tannge in experiment (2). 
This process was repeated in the same manner eight times, see tables no 
(9 to 16). 
The residual liquors and the concentrates each time were analysed for 
Cr2O3, see tables no. (17&18). Then the quantity of the fresh chrome 
powder required for tannage is calculated see table (19). At the same 
 time the concentrates after pretanage were analysed to determine the 
Cr2O3 uptake, see table No. (20) 
 
3.4 Physical and chemical testing of the tanned leather. 
 
Tanned leather from experiments (8),(7) and(6) plus one side from the 
White Nile Tannery  were retanned and tested for (1) tensile strength (2) 
elongation by the use of the tensile strength machine. Then the Cr2O3 
content in the tanned leather was determined by the lodometric titration 
using the wet oxidation method in the White Nile Tannery laboratory 
and the results obtained are shown in table (21) 
 
 3.5- Test for hexavalent chromium Cr+6. 
Cr+6 was determined in R1,R2,R3 and a commercial basic chromium 
sulphate powder (Salchromo -26) by the photometric determination 
method using HACH 2000 D.R spectorophotmeter and the results 
obtained are shown in table(22). The tests were carried out in the 
Environmental Studies Institute- Khartoum University. 
 
3.6- Determination of C.O.D. 
 
The C.O.D was determined in the residual liquors R1,R2,R3 by the use of 
the closed reflex, titrimetric method (5220C) (15) and the results obtained 
are shown in table (21). The tests were carried out in the Environmental 
Studies Institute- Khartoum University. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 4- Results and discussions 
 
4.1 Analysis of Residual chrome liquors from white Nile   
and Al Nasr Tanneries 
 
4.1.1 Table(1): Analysis of residual chrome liquor from white  
                         Nile Tannery 
 
SAMPLE PH 0Be Cr2o3 
g/L 
Average  
Cr2o3 g/L 
Remarks  
 
HIDES 3.5 7 5.05   
SKINS 3.0 5 4.31   
HIDES 2.6 9 6.89  LOW PH 
SKINS 3 7 4.91   
HIDES 3 9 5.42   
HIDES 2.8 8 7.89  LOW PH 
HIDES 3.9 9.5 4.92   
Average 
Cr2o3 g/L 
 7.8  5.63  
 
4.1.2 Table (2): Analysis of residual chrome liquor from Alnasr  
                          Tannery 
 
SAMPLE PH 0Be Cr2o3 
g/L 
Average  
Cr2o3 g/L 
Remarks  
HIDES 3 11 5.09   
SKINS 3.5 8 4.31   
HIDES 3.5 12 5.60   
SKINS 2.8 10 7.11  LOW PH 
HIDES 3.4 11 5.52   
Average 
Cr2o3 g/L 
 10.4  5.53  
 
 
 
 
 
 
 4.1.3- Table( 3)- Average of Cr2o3 g/L for both the white Nile and  
  Al Nasr Tanneries 
 
Tannery White Nile Al Nasr Average 
Cr2O3 (g/l) 5.63 5.53  
Average   5.58 
4.2 EVAPORATION OF RESIDUAL CHROME LIQUORS 
4.2.1 Table(4): Direct Heating evaporation Exp- (I). 
                        Carried out at the white Nile laboratory. 
 
No Vloume (ml) 
 
PH 0Be Cr2o3 (g/L) 
Exp-Value 
Cr2o3 
(g/L) 
Theo-
Value 
Remarks 
1 2000 2.8 8 7.81 7.81  
2 1532 2.5 10.5 10.28 10.2 
3 1380 2.2 11.5 11.01 11.32 
Optimum 
level of  
evaporation 
 
4 1080 2.1 14 12.04 14.88  
5 730 2.0 18 15.52 21.4  
6 500 1.8 22 19.99 31.24  
7 230 1.5 32 34.18 67.91  
 
4.2.2. Table(5): Direct Heating evaporation, Exp(II) Carried out  
                            at the White Nile Tannery Laboratory. 
No 
 
 
Volume
( ml) 
Ph 0Be Cr2o3 (g/L) 
Exp Value 
Cr2o3 (g/L) 
Theo-
Value 
SO4 
Exp 
(g/L) 
SO4 
Theo. 
(g/L) 
Basicity 
( % age) 
Rem 
Arks 
1 2000 3.9 9.5 4.93 4.93 6.62 - 29  
2 1650 3.0 11.5 6.02 5.98 8.06 8.02 29.4 
3 1300 2.7 13.5 7.40 7.58 9.70 10.18 31. 
Optimu
m level 
of 
evapora
tion. 
4 900 2.4 20 9.69 10.96 13.39 14.71 33.96  
5 550 2.0 26.5 15.66 17.93 17.28 24.07 41.82  
 
 
 
 
 
  
4.2.1-Figure(5)Cr2o3 g/l Vs Evaporation/ml  
[From Table(4 )]
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 4.2.2-Figure(6) Cr2o3 g/l Vs Evaporation/ml
[From table (5)]
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 4.2.3 Table(6): Average of Optimum level of evaporation & recovery of 
Cr2O3 (From Tables 4 & 5)  
 
Volume( 
ml)  
Cr2O3 
(g/l) 
Exp. 
Cr2O3 
(g/l) 
Theor. 
% age 
recovery 
Remarks 
1532 10.28 10.2   
1380 11.01 11.32   
1650 6.02 5.98   
1300 7.40 7.58   
1465.5 8.68 8.77 98.97 = 27% of water 
to be 
evapporated 
with 98.97 
recovery of 
Cr2O3 
 
 
4.2.4 Table(7): Evaporation Exp-(I) carried out at the unit 
                        operation Laboratory- department of chemical  
                        engineering Khartoum university by the use of  
                        the climbing film evaporator natural circulations. 
 
Volume  
(L) 
0Be Exp 0Be 
Theo- 
Recovery 
–(  %) 
C2r3o 
(g/L) 
PH Remarks 
10.0 10 10  6.81 3.5  
9.5 10.55 10.53 100    
9.0 11.00 11.11 99    
8.5 11.25 11.75 96    
8.0 11.50 12.50 92    
7.5 12.00 13.33 90    
7.0 12.80 14.29  8.73 2.5 The 
condensed 
vapour is 
acidic PH 
3.0 
 
 
Average 
 4.2.5 Table(8):  Evaporation Exp (II) carrried out at the unit operation 
laboratory- department of chemical engineering 
Khartoum university by the use of the climbing film 
evaporator. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Volume (L) 0Be 
Experimental
0Be 
Theoretical 
Recovery –
(%) 
10.0 9.8 9.8  
9.5 10.2 10.32 99 
9.0 10.4 10.89 96 
8.5 10.8 11.53 94 
8.0 11.2 12.25 91 
7.5 11.7 13.07 90 
7.0 12.5 14.00 89 
  4.3- Tannery runs using the concentrates of the residual chrome 
liquiors (C1-C8) 
 
4.3.1- Table (9):Tannery run No. (1), using residual chrome liquor(C1) 
                            Material: Limed Cattle hide pelt (Fleshed) 
Pelt weight: 3.5 Kg 
Percentages on Limed pelt weight 
 
Quantity Process Product % 
age Gram Litres
Time
( 
Min) 
PH Recomm 
endation 
Test Remarks 
 
 
 
 
Washing Water 200  12 15     
 
 
Deliming Water 100  3.5      
 
 
 Ammonium 
sulphate 
2 70  60 8.5    
 
 
Bating Rendex AB 0.6 21  60 8.2 DRAIN   
 
 
Washing Water 100  3.5 15  DRAIN   
 
 
Pickling Vapour 
Condensate 
70  2.45 10  ADD   
 
 
 Sodium 
Chloride 
3 105  15  ADD     
 
 
 Formic acid 0.4 14  15  ADD   
 
 Sulphuric 
Acid 
0.3 10.5   
60 
3 ADD   
 
Chrome 
Tannage 
Concentrated 
Chrome 
Residual 
Liquor(C1) 
0.67  2.4 60  ADD Good 
Penetr
ation 
8.6  g/L 
Cr2o3 
 Sal Chromo 
26 
4 140  300  ADD   
Basification Sodium 
Bicarbonate 
 
0.3 10.5  120 3.8/
3.9 
Collect 
(Residual 
Chrome 
liquor (R2 ) ) 
Boiling 
test 
passed 
The colour of 
the tanned 
hide is 
uniform. 
 
 
 
 4.3.2- Table (10): Tannery run No. (2), using residual concentrated  
                              chrome(C2) 
            Material: Limed Cattle hide pelt (Fleshed) 
            Pelt weight: 6 Kg 
            Percentages on Limed pelt weight 
Quantity Process Product % 
age Gram 
 
 
Litres
Time 
( 
min) 
PH Recomm 
endation 
Test Remarks 
Washing Water 200  12 15 
 
    
Deliming Water 100  6  
 
    
 Ammonium 
sulphate 
2 120  60 
 
 
8.5 ADD   
Bating Rendex AB 0.6 36  60 
 
8.2 DRAIN   
Washing Water 100  6 15 
 
 DRAIN   
Pickling Water 70  4.2  
 
 ADD   
 Salt 5 300  15 
 
 ADD 50Be    
 Formic acid 0.4 24  15 
 
 ADD  Dilution(1:10) 
 Sulphuric 
Acid 
0.6 36  120 
 
3.0 ADD  Dilution (1:20) 
Chrome 
Tannage 
Concentrated 
Chrome  
Residual  
 
Liquor(C2) 
 
  4.2 120  ADD  5.83 g/L 
Cr2o3 
 Fresh 
Chrome 
Powder (Sal 
Chromo 26) 
 
5.30 318  240  ADD  24% 
Cr2o3 
Basification 
 
 
 
Sodium 
Bicarbonate 
0.75 45  120 3.8/
3.9 
Collect 
(Residual 
liquor (R3 ) ) 
Boiling 
test 
passed 
Dilution(1:10) 
 
 
 
 
 
 
 
  
4.3.3 - Table (11)  Tannery run No(3) Using concentrated resdidual  
                              chrome liquor(C3) 
            Material: Limed Cattle hide pelt (Fleshed) 
            Pelt weight: 5.25 Kg 
            Percentages on Limed pelt weight 
 
Quantity Process Product % 
age Gram 
 
 
Litres
Time/ 
Minute 
PH Recommendation  Test Remarks 
Washing Water 200  
 
10.5 15     
Deliming Water 100  
 
5.25      
 Ammonium 
sulphate 
2 105 
 
 
 60 8.5 ADD   
Bating Rendex AB 0.6 31.5 
 
 
 60 8.0 DRAIN   
Washing Water 100  
 
5.25 15  DRAIN   
Pickling Water 30  
 
1.6   ADD   
 Salt 4  
210 
 15  ADD 50Be  
 Formic acid 0.4 21 
 
 15  ADD  Dilution
(1:10) 
  Sulphuric 
Acid 
0.65 34 
 
 120 2.8   Dilution 
(1:20) 
Chrome 
Tannage 
Concenrated 
Residual 
Chrome 
Liquor(C3) 
  
 
 
 
5.2 120  ADD 
 
 
 
 
  
Cr2o3= 
5.77 
(g/l) 
 Fresh 
Chrome 
Powder Sal 
Chrom 26 
4.62  
242.6 
 240  ADD  % 
Cr2o3 
=24% 
Basification Sodium 
Bicarbonate 
0.9 47  120 3.8/
3.9 
Collect 
(Residual 
chrome liquor 
(R4 ) ) 
Boiling 
test 
passed 
 
 
 
 
 
 
 
 4.3.4 Table(12): Tannery Run No(4), Using concentrated residual  
                   chrome(C4) 
Material: Limed Cattle hide pelt (Fleshed) 
Pelt Wt: 6.3 Kgs 
% ages on Limed Pelt Wt 
Quantity Process Product % 
age Gram Litres 
 
Time/ 
Minute 
PH Recom
m 
endation 
Test Remarks 
Washing Water 200  12.6 
 
 
15     
Deliming Water 100  6.3 
 
 
     
 Ammonium 
sulphate 
2 106  
 
 
60 8.5 ADD   
Bating Rendex AB 0.6 38  
 
 
60 8.2 DRAIN   
Washing Water 100  6.3 
 
 
15  DRAIN   
Pickling Water 30  1.9 
 
 
  ADD   
 Salt 4 252  
 
 
15  ADD 5.5 
0Be 
 
 Formic acid 0.4 25.2  
 
 
15  ADD  Diluted 
(1:10) 
  Sulphuric 
Acid 
0.6 38  
 
 
120 2.9   Dilution 
(1:20) 
Concentrated 
Chrome 
Residual 
Liquor(C4) 
  3.2 120  ADD 7.5  
Cr2o3 
g/L=8.68 
Chrome 
Tannage 
Fresh 
Chrome 
Powder (Sal 
Chromo 26) 
5.16 325  
 
 
 
240  ADD  %Cr2o3 
=24 
Basification Sodium 
Bicarbonate 
0.8 50  120 3.8/
3.9 
Collect 
(Residual 
chrome 
liquor 
(R5 ) ) 
Boili
ng 
test 
pssed 
Diluted 
(1:10) 
 
 
 
 
4.3.5- Table(13): Tannery run No.(5), Using concentrated residual  
                     chrome (C5) 
Material: Limed Cattle hide pelt (Fleshed) 
Pelt Wt: 6.3 Kg 
% ages on Limed pelt Wt: 
 
 
Quantity Process Product % 
age Gram Litres
Time/ 
Minute 
PH Recom
m 
endation 
Test Remarks 
Washing Water 200  12.6 
 
 
15     
Deliming Water 100  6.3 
 
 
     
 Ammonium 
sulphate 
2 126  
 
 
60 8.3 ADD   
Bating Rendex AB 0.6 38  
 
 
60 8.0 DRAIN   
Washing Water 100  6.3 
 
 
15  DRAIN   
Pickling Water 30  1.9 
 
 
  ADD   
 Salt 4 252  
 
 
15  ADD 5 
0Be 
 
 Formic acid 0.4 25.2  
 
 
15  ADD  Diluted 
(1:10) 
  Sulphuric 
Acid 
0.6 38  
 
 
120 3.0   Diluted 
(1:20) 
Concentrated 
Chrome 
Residual 
Liquor(C5) 
 3.4  120  ADD 8.5 
0Be 
 
Cr2o3 
(g/L)=5.6 
Chrome 
Tannage 
Fresh 
Chrome 
Powder (Sal 
Chromo 26) 
5 315  
 
 
240  ADD  %Cr2o3 
=24% 
Basification Sodium 
Bicarbonate 
0.6 38  120 3.7 Collect 
(Residual 
chrome 
liquor 
(R6 ) ) 
Boling 
test 
passed 
Diluted 
(1:10) 
 
 
 
 
 
 4.3.6- Table(14): Tannery run No.(6), Using concentrated residual  
chrome (C6) 
Material: Limed Cattle hide pelt (Fleshed) 
Pelt Wt: 6.3 Kg 
% ages on Limed pelt Wt: 
 
 
Quantity Process Product % 
age Gram Litres
Time/ 
Minute 
PH Recom
m 
endation 
Test Remarks 
Washing Water 200  12.6 15 
 
 DRAIN   
Deliming Water 100  6.3  
 
    
 Ammonium 
sulphate 
2 126  60 
 
 
8.5 ADD   
Bating Rendex AB 0.6 38  60 8.2 
 
 
DRAIN   
Washing Water 100  6.3 15  
 
 
DRAIN   
Pickling Water 30  1.9   
 
 
ADD   
 Salt 4 252  15  
 
 
ADD 6 
0Be 
 
 Formic acid 0.4 25.2  15  
 
 
ADD  Diluted 
(1:10) 
  Sulphuric 
Acid 
0.6 38  120 3.2 
 
 
  Diluted 
(1:20) 
Chrome 
Tannage 
Concentrated 
Chrome 
Residual 
Liquor(C6) 
  3.7 120  ADD 8.5 
0Be 
 
Cr2o3 
g/L=6.6 
 Fresh 
Chrome 
Powder (Sal 
Chromo26) 
5.38   240  
 
ADD  %Cr2o3 
=24% 
 
Basification Sodium Bicarbonate 
0.6 38  120 3.9 Collect 
(Residual 
chrome 
liquor 
(R7 ) ) 
Boling 
test 
passed 
Diluted 
(1:10) 
 
 
 
 
 
 
  
4.3.7- Table(15): Tannery run No.(7), Using concentrated residual  
chrome (C7) 
Material: Limed Cattle hide pelt (Fleshed) 
Pelt Wt: 6.3 Kg 
% ages on Limed pelt Wt: 
 
 
Quantity Process Product % 
age Gram Litres
Time/ 
Minute 
PH Recom
m 
endation 
Test Remarks 
 
 
 
Washing Water 200  12.6 15  DRAIN   
 
 
Deliming Water 100  6.3      
 
 
 Ammonium 
sulphate 
2 126  60 8.3 ADD   
Bating Rendex AB 0.6 38  60 8.0 DRAIN   
 
Washing Water 100  6.3 15  DRAIN   
 
Pickling Water 30  1.9   ADD   
 
 Salt 4 252  15  ADD 60Be  
 
 Formic acid 0.4 25.2  15  ADD  Diluted 
(1:10) 
 
  Sulphuric 
Acid 
0.6 38  120 2.8 ADD  Diluted 
(1:20) 
 
Concentrated 
Chrome 
Residual 
Liquor(C7) 
  3.7 120  ADD 70Be  
Cr2o3 
(g/L)=8.6
3 
Chrome 
Tannage 
Fresh 
Chrome 
Powder (Sal 
Chromo 26) 
4.89   240  ADD  %Cr2o3 
=24% 
Basification Sodium 
Bicarbonate 
0.8   120 3.8 Collect 
(Residual 
chrome 
liquor 
(R8) 
Boling 
test 
passed 
Diluted 
(1:10) 
 
 
 
 
 4.3.8- Table(16): Tannery run No.(8), Using concentrated residual  
chrome (C8) 
Material: Limed Cattle hide pelt (Fleshed) 
Pelt Wt: 6.3 Kg 
% ages on Limed pelt Wt: 
 
 
Quantity Process Product % 
age 
Gram Litres
Time/ 
Minute 
PH Recom
m 
endation 
Test Remarks 
Washing Water 200  12.6 15 
 
 
 DRAIN   
Deliming Water 100  6.3  
 
 
    
 Ammonium 
sulphate 
2 126  60 
 
 
8.4 ADD   
Bating Rendex AB 0.6 38  60 
 
 
8.2 DRAIN   
Washing Water 100  6.3 15 
 
 DRAIN   
Pickling Water 30  1.9  
 
 ADD   
 Salt 4 252  15 
 
 
 ADD 6 
0Be 
 
 Formic acid 0.4 25.2  15 
 
 
 ADD  Diluted 
(1:10) 
  Sulphuric 
Acid 
0.7 38  120 
 
 
 
3.0 ADD  Diluted 
(1:20) 
Chrome 
Tannage 
Concentrated 
Chrome 
Residual 
Liquor(C8) 
  378 120 
 
 ADD 8 
0Be 
 
Cr2o3 
(g/L)=8.4
6 
 Fresh 
Chrome 
Powder Sal 
Chrom 26 
4.88 
 
  240 
 
 
 ADD  %Cr2o3 
=24% 
Basification Sodium 
Bicarbonate 
0.8   120 3.9 Collect 
(Residual 
chrome 
liquor 
(R9) ) 
Boling 
test 
passed 
Diluted 
(1:10) 
 
 
 4.4- Analysis of residual chrome liquor of the tannery runs before and 
after the Evaporation. 
4.4.1 -Table(17): Analysis of  Residual Chrome Liquors before  
                            Evaporation. 
 
Chrome 
Residual 
Liquors 
No. 
Volume 
Collected(L) 
PH 0Be Cr2o3 
(g/L) 
Total 
Cr2o3 
(g/L) 
Remarks
R1 3.5 3.5 10.0 6.81 23.84 Tanery 
Residual
R2 5.8 3.8 7.5 4.70 27.26 Residual 
of R1 
R3 7.5 3.8 7.0 4.55 34.30 Residual 
of R2 
R4 4.5 3.8 9.5 6.35 28.55 Residual 
of R3 
R5 4.9 3.7 9.5 4.10 20.09 Residual 
of R4 
R6 5.2 3.7 10.5 5.05 26.26 Residual 
of R5 
R7 5.2 3.9 10.5 6.25 32.50 Residual 
of R6 
R8 5.4 3.8 8.5 6.03 32.65 Residual 
of R7 
R9 5.4 3.8 10.5 5.98 32.89 Residual 
of R8 
 
 
 
 
 
 
 
 
 
 
 
 4.4.2- Table (18):  Analysis of Concentrates after Evaporation. 
 
Concentrates No. Volume of 
concentrates (L) 
PH  0Be Cr2o3 
(g/L) 
Total 
Cr2o3 
(g/L) 
(% age) 
of 
Recovery 
of  Cr2o3 
Remarks 
C1 2.50 2.5 12.8 8.63 21.58 90.52 Evaporation 
was Carried 
in a 
Climbing 
Film 
Evaporator 
C2 4.20 2.6 9.5 5.83 24.49 89.84 Direct 
Heating 
C3 5.20 2.8 9.0 5.77 30.00 87.90 Direct 
Heating 
C4 3.20 2.7 12.0 8.68 27.78 98.76 Direct 
Heating 
C5 3.40 3.0 12.0 5.60 19.04 94.77 Direct 
Heating 
C6 3.70 2.8 13.0 6.60 24.42 93.00 Direct 
Heating 
C7 3.70 3.1 13.0 8.63 31.93 98.25 Direct 
Heating 
C8 3.78 3.1 11.5 8.46 31.98 98.22 Direct 
Heating 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 4.5- Table (19): Amount of fresh Chrome Powder Added as A topping 
to Concentrates to Maintain the Original Tanning 
%age(7%) 
 
Fresh Chrome 
Powder Added 
Total 
Cr2o3 
in 
Residua
l /g 
Pelt 
Wt. 
(Kg
) 
Volume of 
concentrat
e added(L) 
Total 
Cr2o3 in 
Concentr
ates/g As Cr2o3 
(g) 
As % 
age 
on 
Pelt 
Wt 
Total 
Cr2o3 
(g) 
%age 
up- 
take  
Remarks 
23.84 3.50 2.5 21.58 37.22 4.43 58.80 53.64  
27.26 6.00 4.2 24.49 76.31 5.30 100.80 66.14  
31.13 5.25 5.2 30.00 58.20 4.62 88.20 67.60  
28.58 6.30 3.2 27.78 78.06 5.16 105.84 81.02  
20.09 6.30 3.4 19.04 75.60 5.00 94.64 72.25  
26.26 6.30 3.7 24.42 81.42 5.38 105.84 69.29  
32.50 6.30 3.7 31.93 73.91 4.89 105.84 69.24  
32.56 6.30 3.75 31.98 73.86 4.88 105.84 68.92  
32.89         
 
 
4.6- Table (20): Analysis of Residual of Concentrates after Pre- 
                         Tanning 
 
Concentrates 
Residual No. 
Volume 
(L) 
PH 0Be Cr2o3 
(g/L) 
Total 
Cr2o3 
(g) 
%age 
up- take 
Remarks
RC4 4.90 3.00 7.50 0.85 4.17 84.99  
 
RC5 5.20 3.30 8.50 0.78 4.06 78.68  
 
RC6 5.20 3.20 8.50 0.73 3.80 84.44  
 
RC7 5.40 3.00 7.00 0.65 3.51 89.00  
 
RC8 5.50 3.20 8.00 1.80 9.90 69.04  
 
 
 
 
  
4.7- Table (21): Physical and chemical Analysis of leather 
 
Leather 
tanned with 
concentrate  
No. 
Boiling Test % age 
Cr2o3  
(0% water)  
%age 
Elongation 
Tensile 
strength 
(kg/Cm2)  
Remark 
C8 Passed 4.1 50 204.5  
C7 Passed 3.9 45 208  
C6 Passed 4.0 47 206  
T Passed 4.2 40 200 TANNERY 
RUN 
 
4.8- Table (22): Values of Cr6+ and C.O.D 
 
Chrome Liquiors Cr6+ (mg/L) C.O.D- (mg/ltr) 
Chrome loquor before 
tannage 
2.5  
First residual 2.75 30.8 
Second residual 2.50 30.6 
Third residual 2.75 31.7 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 4.9- Discussion. 
 
It is very clear from the analysis of residual chrome liquors (Tables 1,2 
& 3 ) that the average quantity of the chromium oxide is 5.58 g/l and this 
is about 32% of the basic chromium sulphate added at the beginning of 
the tannage i.e. 32% loss. 
Considering the direct heating experiments, (Tables 4,5,6) & Figures 6,7 
), the optimum level of evaporation was found to be 27% of the chrome 
liquor could be evaporated with a good recovery of chromium oxide 
(99% - Table 6 ). 
As for the climbing film, (Natural circulation) evaporation experiments 
(Tables 7& 8) it is very clear that this type of evaporator is not suitale to 
handle the residual chrome liquor due to the boiling of the liquor in the 
tubes and hence the scaling problem. 
From the tannery runs (Table 9-16) the process used is a normal one i.e 
no change for the tanner except, the addition of the concentrate at the 
beginning of the tannage. It is very clear that there are a considerable 
savings in the salt, chrome,acid & water. 
As for the analysis of residual chrome liquors of the tannery runs before 
and after evaporation and the make up with the fresh chrome powder, a 
constant results were abtained for [ ( R7), (R8), (R9) (Table 18, total 
chromium oxide ≈ 32.7)] ,  ( C 7, C8 Table 19- Total chromium oxide ≈ 
31.9  and the fresh make up -Table (19) ≈ 4.9 % chrome powder). 
The average up-take of the concentrates of the residual chrome liquors  
in the pretanning is about 81%(Table 20). 
The results of the physical and chemical analysis of the leather (Table21) 
are satisfactory compared to the international specifications (Appendix 
(6) ). 
The test for chromium six was found to be positive in the residual 
chrome liquor (Table 22) and this is due to the fact that the CrVI is 
already present in the fresh chrome powder used (Sal- Chromo - 26). 
The C.O.D values obtained (Table -22) are within the normal limits, 
Appendex (5) and no increase due to the recycling, (Table -22)  
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
5- Design & Economical Evaluation. 
5.1- Basic design data. 
 
5.1.1- Capacity of the concentration unit.           = 500 Kg/hr. 
 
This capacity is based on the White Nile Tannery (Khartoum South- 
Sudan.), which is 10 tons residual chrome liquor per day.  
5.1.2- Residual chrome liquor characteristics. 
 
PH= 3.8/3.9 
oBe= 8-10 (Neutral salts Nacl+Na2So4). 
Cr2O3= 5.58 g/L. 
 
5.1.3- Equipments. 
 
5.1.3.1- Residual chrome liquor Collection tank. 
 
 Capacity:- 24m3  
Material of construction:- Bricks lined with Ceramic Tiles with 60 mesh 
(Tyler designation) partition in the centre of the tank and filter 
basket 
Dimensions: L = 4m  
  W= 3m. 
  H = 2m 
 
5.1.3.3- Filtered residual chrome liquor feeding tank. 
 
Capacity:- 4m3   
Material of construction: Stainless steel. 
Dimensions:   L = 2m 
    W = 1m 
     H = 2m 
5.1.3.4: Centrifugal pump. 
Delivery: 5.5m3 /hr 
Head: 10m 
HP: 1 
Phase: Single.   
  
 
5.1.3.5: Submerged tube forced circulation evaporator. 
 
This evaporator is selected from the literature (20) due to the following:- 
(I) High heat transfer coefficient. 
(II) Positive circulation. 
(III) Relative freedom from salting, scaling and fouling. 
 
5.1.3.5.1- Evaporating chamber. 
 
Size: 2 m3. 
Material of construction: Stain less steel. 
Pressure: atmospheric. 
 
5.1.3.5.2- Steam chest. 
 
Type: Shell and tube heat exchanger. 
Shell material of construction: Carbon steel. 
Tubes material of construction: Stainless steel. 
 
5.1.3.5.3- Centrifugal Pump. 
 
Delivery: 5.5m 3   /hr. 
Head: 10m. 
HP: 1 
Phase: Single. 
 
5.1.3.6: Thick residual chrome liquor tank. 
 
Capacity: 12m3             
Material of construction: Bricks, cement, Lined with ceramic tiles. 
Dimensions: L = 3m. 
W = 2m. 
H = 2m 
   
5.1.3.7 Centrifugal Pump. 
 
Delivery: 30m3 /hr 
Head: 10m. 
HP: 2 
Phase: Single. 
 
  
5.1.3.8: Screens. 
 
Type: Stainless steel, mesh No.60 (Tyler equivalent designation) 
 
5.1.3.9- Screens. 
 
Type: Fine mesh stainless steel, Mesh No.115 (Tyler equivalent 
designation) 
 
5.1.3.10: Centrifugal pump. 
 
Delivery: 30m3/hr 
Head: 10m. 
HP: 2 
Phase: Single. 
 
5.1.3.11: Condensate collection tank. 
 
Capacity: 10m3  
Material of: mild steel. 
Construction. 
5.1.3.12: Control instruments. 
 
 Two Floats. 
Two Level transmitters 
Two Level controllers. 
Thermocouple 
Temperature transmitter 
Temperature controller. 
One computer set. 
 
 
 
 
 
 
 
 
 
  
 
5.1.4-Figure (8 ) Flow sheet for evaporation unit of residual basic chromium sulphate liquor 
 
 
 
VAPOUR 
Product 
Float  
(3)  
Thick Chrome 
Liquor to drums 
(1) 
LC 
LT 
TC 
TT 
(4)  
 
Residual chrome from tannery 
 
(2) 1) Collection Tank - 24 m
t3  
2) Feeding tank - 4 mt3 
3) Product tank 12 mt3 
4) Condensate tank - 10 mt3 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 5.2- Calculation of the heating surface area of the evaporator. 
 
Considering the following: 
 
5.2.1 Evaporator capacity= 500 kg/hr. 
5.2.2 Quantity of water to be evaporated daily= 3000 kg. (From 
experimental work)   
5.2.2- Assuming single effect evaporation then from the literature 
(16) to evaporate1kg, water 1--- 1.3kg of steam is needed. 
5.2.3: B.P.E= 15oC (20) 
5.2.4.        U= 3500 W/m2 -oC. (Appendix-1) 
 
5.2.5:-Steam. 
 
Steam quality: Saturated steam. 
Steam pressure: 50 psi       = 3.4023atm. 
Steam temperature: 281oF = 138oC 
λs(at 3.4023atm ):            = 2151.333 kj/kg 
 
5.2.6:- Material balance 
 
Feed (m'f )          =10,000kg /day (White Nile Tannery Daily Residual  
Chrome liquor) 
Vapour( m'v )      = 3000 kg /day (from experimental work) 
Thick liquor ( m') = 7000 kg (/day) 
 
5.2.7- Energy Balance: 
 
(A) Amount of steam required to vaporize 3000 kg of water from 
residual chrome liquor = 1.3 X 1300 = 3900 kg/day 
                                                        = 650 kg/hr. 
(B) The sensible heat required to raise the temperature of the feed (m'f 
) from room temperature (35oc) to boiling point (115oc). 
          = m'f CPf  (Tb.pt- Tf) 
          = 1666.67 kg/hr X 4.1868 kj/kg oc X 80 oc 
          = 558241.11 kj/hr. 
(C) The amount of steam required to provide the sensible heat = m'sls 
 
 • m'sλs   =  558241.11 kj/hr. 
• m'sX2151.333 kj/kg   = 558241.11 kj/hr  
                m's   =  558241.11 kj/hr 
       2151.333 kj/kg 
          = 259.5 kg/hr. 
(D) Total amount of steam required = 650 + 259.5 = 909.5 kg/hr. 
(E) To find the heating suface area (A). 
          q=m'sλs = UA∆T 
                 A    =  m's λs  
    U∆T 
        = 909.5 kg/hr X 2151.333 kj/kg. 
   3500 W/m2 -oC  X 23 oC 
        =  909.5 kg/hr X 2151.333 kj/kg. 
   3.5 kj/m2 -oC-sec  X 23 oC X 3600 sec/hr. 
   
                        =  909.5 X 2151.333  m2  
   3.5 X 23 X 3600  
        =  6.75  m2 
 
N.B. 
The sensible heat will be provided by the vapour (m'v) from the 
evaporating chamber which is 500 kg/hr. 
• q = m'λs = 500 kg/hr X 2256.94 kj/hr. 
            = 1128470 kj/hr. 
•  This amount of heat is greater than the required sensible heat. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 5.3- Economical Evaluation. 
5.3.1- Cost of Equipment.  
 
Item No. Description Cost/ Unit/ US$ Total cost/ $ Remarks 
Evaporator 1 Submerged(F.C.)  30,000 30,000 Cost quoted from 
perry (20) 
Centrifugal 
Pump 
2 30 m3/hr 477 954 Market price. 
Centrifugal 
Pump 
2 5.5 m3/hr 152.7 305.3 Market price. 
Tank(2) 1 4m3stainless steel 2000 2000 Al Akadabis factory for 
assembling hanger & 
petroleum basin 
Tank (4) 1  12m3 mild steel 1500 1500  Katoum North 
          ,, 
Pipes. 12 2" 32 384 Market Price. 
Valves. 20 2" 9.5 190       ,, 
Fittings. 20 Pieces 3 60       ,, 
Main 
switch. 
1 100 A 152 152       ,, 
Starters. 10 10A 5.7 57       ,, 
Roof fans. 4  38.2 152.8       ,, 
Florescent 
lamps. 
8 4 ft 4.6 36.6       ,, 
Electrical 
wiring. 
 
100 M 0.19 19       ,, 
Table. 1 Wood 50 50       ,, 
Cabinet. 1 Steel 50 50       ,, 
Chairs.  Plastic 7.5 30       ,, 
Control 
instrument. 
 Two floats,Thermo 
couples level transmitters 
, temp. transmitters, one 
computer set.  
 3000  
Screens. 3 Fine mesh stain 
less steel 
926 2778       ,, 
 
Total.    41718.7  
 
 
 
  
5.3.2- Cost of civil work. 
 
Item No. Description Unit 
Cost/$ 
Total Cost 
/$ 
Remarks 
Steel shed 
(Hanger) 
including floor 
40 m2 110 4400 Al Akadbis 
factory for 
assembling 
hanger & 
petroleum 
bain (KHR. 
North) 
 12 Bar 80 960        ,, 
Plat form for 
controls 
8 m2 80 640        ,, 
Collection 
tank(1) 
36 m2  40 1440        ,, 
Product tank (3) 18 m2 40 720  
 
Total 
   8160  
 
5.3.3- Cost of man power. 
 
Occupation No. Monthly 
salary/$ 
Annual salaries 
/$ 
Remarks 
Technician 1 150 1800  
Workers 2 100 2400  
Total   4200  
 
5.3.4- Depreciation. 
 
Item Values/$ % Depreciation Remarks 
Equipment 41718.7 10 4171.9  
Civil work 8160 5 408  
Total   4579.9  
 
 
 
 
 
 5.3.5- Insurance (24) 
 
Item % Insurance cost/$ Remarks 
 
Equipment  0.25 104.3  
Building 0.15 12.2  
Total insurance cost   116.5  
 
5.3.6- General and administration expenses . 
 
S.No Description $ 
1 Protecive clothes [Gloves, Boots, Goggles etc + two 
uniforms (one month salaries). 38.17 X3] 
350 
2 Medical care plus leave allowance (2 Month) 750 
3 One meal 29 
4 Others 100 
 Total annual general expenses 1229 
 
5.3.7- Utility cost. (Appendix (2)) 
 
1- Steam cost. 
Annual steam cost = 5457 x 300 x 1.5 / 453.59     = 5413.81 US$ 
(Cost quoted from perry sea appendix (2) ) 
2- Electricity cost    (appendix (2)) 
Annual cost = 10 x 0.746 x 5 x 300 x 0.02            =     223.8 US$ 
 
Total utility                                                        = 5867.4 US$. 
 
 
 
 
 
 
 
 
 
 
 
 
  
5.3.8- Annual production cost. 
Item Cost/$ Remarks 
Depreciation 4579.9  
Insurance 116.5  
General 1229.0  
Steam 5413.8  
Electricity 223.8  
Salaries 4200.0  
Maintenance 2085.9 5% of equipment value
Sub-total 17848.9  
Contingencies 894.54 5% of subtotal 
Total 18741.3  
 
5.3.9- Annual Revenue. 
Item % Price/T
on/$ 
Annual saving Total 
value/$ 
Remarks
Chrome 2.1 475 2.1/100x10x300x475x1.25 37406.3  
Salt 4 115 4/100x10x300x115 13800  
Sulllphuric 
acid 
0.1 380 0.1/100x10x380x300 1140  
water 60  60/100x10x300x0.09 162  
Total    52508.3  
5.3.10- Financial Evaluation. 
                                             $__ 
1- Annual Revenue  = 52508.3 
2- Annual Cost        = 18741.3 
3- Annual Profit      = 33767 
 
4-Pay-back period =  
  
 
                                 = 
 
 
                                 =  1.3 Year 
 
 
Total capital investment 
Annual profit + Depreciation 
       49878.7__   
       38346.9 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 6-Conclusion and recommendations. 
 
6.1-Conclution. 
 
The evaporative technique is quite feasible due to a no. of reasons:-. 
 
1- From the cost estimation the project is very feasible because the 
profitability is very encouraging (about 33767 US$ / annum) and the pay 
back period is about 1.30 year. 
2- The quality of the leather produced by the use of this technique is 
excellent because it satisfies the tanner requirements from a physical and 
chemical point of view and the physical and chemical properties of the 
leather are within the international limit. 
3- The concentration unit is very simple and could be fabricated locally and 
this will reduce the cost considerably. 
4- The process is a closed loop and hence these comply with the cleaner 
production technology and will protect the environment, because no 
pollution load is discharged into the effluent and this is the real saving.  
5- The use of the heat in this evaporator will act as sterilization for the 
spent chrome tanning liquor and also will coagulate the soluble proteins 
and hence help the filtration process. 
6- Baring in mind most of the tanneries have their boilers, this will 
facilitate the implementation of this unit easily (eg. The White Nile 
Tannery has a boiler). 
7- The condensate of the vapour from the spent chrome liquor is acidic 
(ph= 3.5) and this could be used directly in the pickle bath. 
8- The condensate of the steam could be used in the retannage bath 
especially in the dyeing process because soft and hot water is needed. 
9- The enthalpy of the vapour from the spent chrome liquor will be used as 
a preheating medium for the feed to provide the sensible heat required to 
raise the temperature of the feed from the room temperature to the 
boiling point temperature that is to say the unit acts actually as a double 
effect evaporater. 
10- The advantage of this technique is that the saving is not only in the 
chromium oxide but also in the sodium chloride, sulphuric acid and the 
processing water. 
11- No chemical reaction is involved apart from the chemical analysis of the 
concentrate needed for the make-up with fresh powder. 
12- No. end of pipe treatment. 
  
6.2-Recommendations. 
 
Further investigations my cover the following:-   
2- An insight look into the basic chromium sulphate complex to see if there 
is any change from a chemical point of view. 
3- The evaporative recovery techniques using solar energy. 
4- A comparative study of the two methods of evaporation by solar energy 
and steam. 
5- Steady-state modeling and simulation using a single and  multiple effect 
evaporator (to concentrate the spent chrome liquor) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
Appendix (I) 
 
Typical overall heat coefficients in evaporators. (16). 
Overall coefficient u Type 
W/m2 oC Btu/ ft2-h-oF 
Long tube veotical 
evaporator natural 
circulation forced 
circulation. 
Agitated film 
evaporator, Newtonian 
liquid, viscosities. 
1 Cp 
2 P 
100 P 
 
1000-2500 
2000-5000 
 
 
 
 
 
2000 
1500 
600 
 
200-500 
400-1000 
 
 
 
 
 
400 
300 
12 
 
Appendix (2) 
 
Typical total cost of utility prices 1969(20)  
 
 Large plant Small plant 
Electricity $/kw-hr 0.008-0.015 0.015-0.030 
Steam,$/1000 lb 0.35-0.60 1.00-2.00 
Cooling water,$/1000 
gal 
0.02-0.04 0.03-0.03 
Process 
water,$/1000gal 
0.2-0.40 00.35-0.70 
Natural gas,$ million 
Btu 
0.30-050 0.90-1.80 
 
 
 
 
 
 
  
Appendix (3): Composition of typical untreated tannery effluents 
(mg/l)(19). 
 
Technology Pollutant 
Chrome tannage Vegetable Tannage 
Total solids 10,000 10,000 
Total ash 6,000 6,000 
Suspended solids 2,500 1,500 
Ash in suspended solids 1,000 500 
Settled solids 100 50 
BOD 900 1,700 
Kmno4  1,000 2,500 
COD 2,500 3,000 
Sulphide 160 160 
Total nitrogen 120 120 
Ammonia nitrogen 70 70 
Chrome 70 - 
Chloride 2,500 2,500 
Sulphate 2,000 2,000 
Phosphorous 1 1 
Extractable ether 200 200 
Source: UNIDO 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Appendix (4) 
 
Effluent standards affecting the leather industry in selected countries standards for tannery waste waters (19). 
Parameter Brazil France Germany Hungary India Italy Japan Nether 
Land 
Switzer 
Land 
United 
Kingdom
USA
Ph 5-9 6.5-8.5 5.5-8.5 5-10 5.5-9 505-9.5 5-4 6.5-8.5 6.5-8.5 6-9 6-9 
Temperature(2C) 40 30 30 - 30 25 - 30 - - - 
BOD5 60 - 40-200 - 30 250 160 5 20 20-130 40 
COD - - - 50-150 250 500 160 - - - - 
Susp-Solids - 30 30-100 - 100 40 300 80 20 30-50 60 
Sulphide 1 2 2 0.01-5 2 2 - - 1 - - 
Chrome(III) - - 1 2-5 2 4 - - 2 2-5 - 
Chrome(VI) - 0.2 0.1 0.5-1 - 0.2 - - 0.1 0.1 - 
Chrome total - - - - - - 2 0.05 - - 1 
Chloride - - - - - 1000 - 1200 200 - 4000
Sulphate - 300 - - 1000 150 - - - - - 
Ammonia - 20 15-80 20-30 - 15 - - - 100 - 
TKN - 5 10-60 - - - - 3 - - - 
Oil/grease 20 5 - 8-50 - 30 50 - 20 - - 
 
Source: United Nations Environment Programme(1991) 
Notes: mg/L unless stated other wise 
 
 
 
 
 Appendix(5): 
 
Distribution of pollution parameters according to different phases of leather manufacturing (1). 
 
Pollution 
parameters 
Soaking Liming Deliming 
&Bating 
Pickling 
&Tanning
Post 
tanning 
Total 
Effluent 
Designation Remarks 
7.5-90 52-63 2.5 1 11.5-14.5 75-90 Kg/t BOD 5 
10 70 3 1.2 15 100 % 
30-33 110-120 6 2 50.58 200-220 Kg/t COD 
15 55 3 1 25 100 % 
7 77 - - 56 140 Kg/t Suspended 
Solids 5 55 - - 40 100 % 
120-210 - 20-30 60-90 17-25 250-350 Kg/t Salinity 
60 - 8 25 7 100 % 
- 1.9 - 0.6 - 2.5 Kg/t Toxicity 
- 76 - 24 - - % 
Kg/t = 
Kilo gram 
per ton of 
raw hides 
and skins 
 
 
 
 
 
 
 
 Appendix(6): 
 
Quality requirements for the main types of leather (2). 
 
 Sole upper leather Sole Leather Lining Leather 
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Sulphate % max. 
2.0 
max. 
2.0 
max. 
2.0 
max 
2.0 
max. 
2.0 
max. 
1.5 
max. 
2.0 
max. 
2.5 
max. 
2.0 
max. 
0.7 
max. 
2.0 
max. 
2.0 
max. 
3.0 
max. 
2.0 
max. 
2.0 
Chromium compounds 
(Cr2O3)% 
min. 
2.5 
min. 
2.5 
min. 
2.5 
min. 
2.5 
min. 
1.2 
min. 
2.5 
- min. 
2.5 
   min. 
0.8 
 min. 
0.6 
min. 
2.5 
Fatty substance% (ex. 
ichloromethane) 
3-8 5-16 5-16 4-8 max.  
16.0 
8-15 18-26 2-6 max. 
3.5 
max. 
2.0 
max. 
4.0 
max. 
4.0 
4-8 5-11 5-11 
Loss by washing (H2O 
extr.subst.) % 
max. 
2.0 
max. 
2.0 
max. 
2.0 
max 
2.0. 
max. 
2.0 
max. 
2.0 
max. 
6.0 
- max. 
14.0 
max. 
6.0 
max. 
10.0 
max. 
10.0 
max. 
6.0 
max. 
3.0 
max. 
3.0 
Degree of tannage. -    min. 
30 
 min. 
50 
- 60-95 60-95 60-95 min. 
50 
min. 
50 
min. 
40 
- 
pH(1:20) aqueous extract not below 3.5; at pH values below 4.0 difference value not above 0.7 
Tensile strength 
daN/CM2  
min. 
200 
min. 
200 
min. 
200 
min. 
200 
min. 
250 
min. 
250 
min. 
250 
min. 
200 
min. 
250 
min. 
250 
min. 
200 
min. 
100 
min. 
150 
min.  
150 
min. 
200 
Elongation at break % max. 
80 
max. 
80 
max. 
80 
max 
80. 
max. 
80 
max. 
80 
max. 
70 
max. 
75 
max. 
30 
max. 
35 
max. 
35 
max. 
40 
max. 
70 
max. 
100 
max. 
100 
Elongation at 20 daN/ 
CM2 in % 
max. 
14 
max. 
14 
max. 
14 
max 
14. 
max. 
16 
max. 
14 
- - - - - - - - - 
Split tear force daN/CM. min. 
40 
min. 
40 
min. 
25 
min. 
25 
min. 
50 
min. 
50 
min. 
40 
- - - -- - min. 
15 
min. 
15 
min. 
40 
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